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THE WARRINGTON’S COLLISION. 


By LIEUTENANT COMMANDER W. M. Hunt, U. S. Navy, 
CoMMANDING. 


—_———_———_ 


The U. S. destroyer Warrington was struck by an uniden- 
tified schooner, in a winter gale off Hatteras, at 12:40 A. M., 
December 28, 1911, and 30 feet of her stern was cut off and 
sank. 

The Warrington, in formation with seven other destroyers, 
was making passage from Charleston, S. C., to New York, to 
take part in maneuvers with the battleship fleet, on the way 
South to the Winter rendezvous. 

Shortly after leaving Charleston the wind freshened to a 
south-west gale, and soon the destroyers were laboring in a 
heavy following sea, which made the vessels yaw constantly 
and roll uncomfortably. During the afternoon and evening, 
the wind hauled to the westward; and when Diamond Shoal 
lightship, off Cape Hatteras, was reached, about 11:30 P. M., 
the wind was blowing a moderate gale from the west, with a 
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correspondingly heavy sea; and a change of course to the 
northward did not help matters much. 

At about 12:40 A. M., a red light was suddenly observed 
close aboard on the starboard bow, and, although every effort 
was made to avoid a collision, the approaching vessel, which 
then appeared to be a schooner, struck the Warrington on the 
starboard quarter, the head booms carrying away the main 
mast and wireless aerial, and the schooner’s bow cutting into 
and shearing off the entire stern; thirty feet was completely 
detached and went to the bottom. The schooner passed on 
as quickly as she had come, and disappeared in the darkness of 
the night. 

It is remarkable that, although the shock at both ends of 
the ship was severe, the men on watch in the fireroom did not 
feel anything, and knew nothing about the collision until they 
were told of it. 

In the compartment which the schooner struck and opened 
to the sea six men were asleep in their bunks. Two of these 
men made their escape out over the jagged side; three opened 
the bulkhead door into the next compartment forward, and es- 
caped to the deck together with thirteen other men who had 
been asleep there; the sixth man was injured and rendered half 
unconscious by the collision, and while in his semi-conscious 
state, managed to hook his arm around a stanchion. Both 
of these compartments immediately became flooded to a depth 
of about three feet; the water, surging violently with the roll 
and pitch of the ship, quickly broke up the wooden lockers 
and mess tables, and detached the bunk frames from their fas- 
tenings; and the wreckage was thrown from side to side with 
the rush of the water. 

Immediately after the collision the officer of the deck rushed 
aft to ascertain the extent of the damage. Finding water in 
the compartment forward of the one cut open, he went into 
that compartment, followed by one of the crew, in an attempt 
to close the bulkhead door through which three of the crew 
had escaped, in their bewildered and half-asleep condition, and 
had left open. Forcing their way through the rush of water 
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and wreckage to the door, they heard moans, and, searching, 
found the half unconscious man, who was being covered with 
water at every roll of the ship.. With considerable difficulty 
they got him to the ladder, and, with further assistance, on 
deck. The officer then went back to the door, but the dogs 
had become jammed and bent as the rush of the water swung 
the door from side to side, and the door could not be closed. 

The water, filled with wreckage, was now pounding against 
the collision bulkhead at the after end of the engine room, some 
forty feet forward of where the stern had been cut off, and 
the impact of the water and wreckage on the bulkhead could 
plainly be felt on the engine-room side. The little lumber on 
board had been carried away by the collision, but small odd 
pieces were secured (even the cook’s chopping block was cut 
up), and the weakest points in the bulkhead shored up, while 
the circulating pumps were held ready to put on the bilge 
suction. 

A muster of the crew showed all accounted for. Life pre- 
servers had been served out, and nearly every man wore one. 
Two men injured in the collision—the one taken from the 
after compartment, and another, who cut his foot badly 
climbing out over the jagged stern—were taken into the offi- 
cers’ quarters, not only to make them as comfortable as pos- 
sible, but to remove their depressing influence from the rest 
of the crew. As soon as it was assured that the ship would 
not sink immediately, the starboard anchor was let go in 18 
fathoms of water, a bearing of Cape Hatteras light taken. 
and the position plotted. This fixed the ship about 17 miles 
east north-east of Hatteras. The ship rode beam to the sea 
and, the hard bottom giving no hold, the anchor dragged con- 
tinually. 

Although the night was clear, it was very dark, and that 
fact, combined with the effort of holding on to the swaying 
bridge rails, apparently prevented the other vessels from ob- 
serving the plight of the Warrington. Signals of distress 
were made by whistle and electric night signals; meanwhile 
the lights of the other ships were fast disappearing to the 
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northward, and for a few minutes it looked as if the ship 
would have to work out her own salvation; but the welcome 
sight of a destroyer’s running lights was shortly discovered, 
returning to the Warrington’s position. 

The port chain was unbent from the anchor, and the six- 
inch tow line got up and bent to the chain, and heaving and 
running lines prepared to pass to the destroyer. The destroy- 
er passed close along the Warrington’s side in a gallant at- 
tempt to take the line; but the violent motion of both, and the 
heavy wind, made it impossible to get the line aboard. It was 
an exhibition of most skilful handling of the other destroyer, 
as she passed close alongside, at slow speed, with screws partly 
out of the water at times, where an error of judgment in the 
darkness would have been serious for both vessels. 

The impossibility of passing the towline at night being ap- 
parent, the wireless of the other destroyer was called into play, 
and just before dawn two more destroyers returned. ‘ 

It has often been said by watchers in the night that the long- 
est hours are those just before dawn. The feeling on board 
the Warrington was no exception to this. The crew were kept 
occupied with various duties; galley fires started, and coffee 
served out. Frequent visits about the ship showed the crew 
hopeful; but there was a tense undercurrent—of not knowing 
but that an indefinite something might happen. 

3 Daybreak showed no change in the weather, and the wind 
seemed, if anything, stronger. The anchor chain was riding 
more up and down than in the night, and frequent soundings 
showed that the ship was drifting constantly to seaward. The 
other destroyers steamed slowly around, rolling and tossing 
apparently much more than the Warrington. The decks of 
their bridges would appear for a moment, with the officers and 
men holding on to the rail, and the next instant the turn of the 
bilge would be presented to view, with occasionally a propeller 
churning the surface of the water. Now and then a destroyer 
would steam by to windward and put out an oil slick, but by 
the time it reached the Warrington it was dissipated over so 
much of the sea that the effect was nullified, 
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After daylight it was found that the water was getting 
higher in the compartment abaft the engine room. Several 
times volunteers with bowlines were sent in along the top of 
the stanchions over the surging water and wreckage, in at- 
tempts to close the bulkhead door, swinging wildly from side 
to side with the water. After desperate work one of the bent 
dogs was frequently cleared and the door closed, only to be 
forced open on the next roll. Pieces of wood were fished out 
of the wreckage to remove some of the battering on the col- 
lision bulkhead, and the larger pieces were sent into the engine 
room to add to the shoring. 

A cork anchor buoy was bent to a coil of signal halliard 
stuff and veered over the lee bow, with a length of three-inch 
line, and finally the entire length of six-inch hawser; and at- 
tempts were made by the other destroyers to pick up the buoy; 
but they only succeeded in carrying it away. An attempt was 
made also to trail a buoy across the bow of the Warrington, 
but the anchor was then beginning to trip, and the ship drifted 
so fast that the buoy remained well to windward. During this 
attempt the stern of the other craft passed so close that heav- 
ing lines were thrown by both vessels, only to be frustrated 
by the heavy wind, and the violent motion of the two vessels. 
Seas swept over the stern of the other destroyer and all but 
carried several of her crew overboard. 

At this time the ship was close to the 100-fathom curve, 
and still drifting to seaward. The anchor would occasionally 
strike a deep spot and lose contact with the bottom; and the 
ship showed a tendency to bring her stern up to the sea, which 
would have placed the collision bulkhead in serious danger of 
being carried away. 

The bridge screen was taken down, and an awning rigged 
between the after stacks as a steadying sail, but the wind and 
sea on the high bow were gradually swinging the stern around. 
At this juncture a revenue cutter, which proved to be the On- 
ondaga, was sighted bearing down from the north north-west. 
In a short time she ranged alongside and offered assistance, 
and was requested to take the Warrington in tow. 
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It being considered inadvisable, and in fact exceedingly 
dangerous, for the crew to remain on board while towing, the 
revenue cutter lowered two boats and transferred 70 of the 
crew to the cutter, twelve of the crew and three officers re- 
maining on board. Oil was freely used by both vessels, with- 
out which it is believed the transfer could not have been made, 
or, at least it would have been extremely dangerous. Long sea 
painters were led out on the lee side of the Warrington, and oil 
poured over the lee bow. Fuel oil in buckets, lubricating oil in 
cans, and even kerosene oil from tanks in the bow were used. 
A bag filled with rope yarns was saturated with oil and placed 
over the side, but it did not cover enough surface, and it was 
found necessary to spill a pint or so of oil from cans or buckets 
every half minute. (Asa considerable quantity of this oil was 
washed or blown against the side and on deck, only a smali 
quantity became effective, and it is believed that a very small 
quantity, judiciously handled and placed, would have given 
the desired effect.) There was not much opportunity to com- 
pare the effect of fuel, with lubricating oil. Both were effec- 
tive. Kerosene was too light to be of much use. 

The staunch “ Monomoy” life boats of the cutter, patterned 
after the boats used By the life-saving service—unsinkable 
and with plenty of beam; manned by a coxswain and six men 
—were capable of carrying ten or twelve passengers. When 
near enough, several of the Warrington’s crew hurdled into the 
boats, the crew receiving them as best they could, and the boats 
would swing out and back again to receive more of the crew. 
After several trips of the boats to transfer the crew, one came 
under the lee bow and took a light line, by means of which 
the tow line was hauled on board the cutter. The starboard 
anchor was then hove up, and the tow straightened out for 
port. Fortunately, the wind and sea were such that with both 
on the bow a course could be laid for the capes of the Chesa- 
peake. The ship rode easily, head to the tow line, due, it was 
afterward found, to the drag of both propeller shafts, which 
were hanging down from the stern tubes. 

Soon after starting the tow, the weather began to moderate, 
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and continued to moderate until reaching port. Being, how- 
ever, over a hundred miles from the capes, and making only 
5 to 7 knots an hour, there was ample opportunity for the 
weather to change, with the possibility of heavy seas endanger- 
ing the collision bulkhead ; and a close watch was kept through- 
out the night. Early the next forenoon, the sea having mod- 
erated somewhat, the bulkhead door was closed and secured, 
and the water pumped out of the compartment abaft the en- 
gine room, thus relieving the pressure on the engine-room bulk- 
head. The tow was stopped, thirty fathoms of chain was 
paid out on the tow line, and the tow speeded up to about 
seven knots. 

Upon arrival at Hampton Roads, at about 3:00 P. M., Dec. 
30th, the Onondaga was relieved by a navy-yard tug, and the 
Warrington taken to the navy yard. With the aid of a diver, 
the bent shafts were raised, and the ship placed in dry dock. 
The illustration shows the appearance of the stern as the ves- 
sel reached the dock. 

Both shafts were badly bent abaft the stern tubes, all struts 
had been broken off, the port propeller gone, and the blade tips 
of the starboard propeller were bent and broken. All of the 
ship abaft frames No. 148 and 149 was entirely gone. 

The shape and condition of the fractured metal at frame 
No. 148, together with the statement of one of the crew who 
had escaped from the after compartment, leads to the conclu- 
sion that the schooner’s cutwater first punched a hole through 
the side about one-third the width of the ship; the two craft 
then separated, the Warrington lying in the hollow of a wave, 
while the schooner, riding on the crest, bore down on the frac- 
tured stern; her bow, combined with the speed and divergence 
of the two vessels, forming a leverage which sheared off the 
remaining two-thirds of the hull. 

The engines suffered no injury; thrust and steady bearings 
and line shafting show no distortion. An entire new stern will 
be manufactured and installed, after which the ship will be 
ready to take her place with the rest of the destroyer fleet. 
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REPORT OF SHOP TESTS OF THE STARBOARD 
PROPELLING UNIT OF THE U. S. S. HENLEY. 


A COMBINATION OF RECIPROCATING ENGINE AND TURBINE 
DESIGNED FOR MAXIMUM ECONOMY AT CRUISING SPEED. 





The tests were conducted by a board composed of Captain 
C. W. Dyson, U. S$. Navy, and Lieutenant Commander John 
Halligan, Jr., U. S. Navy, assisted by Messrs. Angelo Conti 
and Ernest Janson, from the Bureau of Steam Engineering. 
The board reports as follows: 

The unit tested consists of a combination of a reciprocating 
engine and a turbine, intended to afford a maximum of econ- 
omy at cruising speeds. The turbine is of the Curtis marine 
type with 18 stages, 63-inch pitch diameter, and is designed to 
develop 5,500 S.H.P. at 585 r.p.m., corresponding to a speed 
of vessel of about 291%4 knots. Forward of the turbine, and 
connected to it by means of a jaw clutch, is a 10% by 22 by 
10-inch vertical, compound reciprocating engine, which at 16 
knots is intended to develop 400 I.H.P. at 280 r.p.m., with 
a steam pressure of 250 pounds gage at the H.P. valve chest 
and when exhausting into the turbine at about atmospheric 
pressure. Photographs showing sectional arrangements. of 
the turbine and the cruising engine are shown on Plates I and 
II. The testing plant was contained in a wooden structure 
alongside the power house of the shipbuilding company, and 
contained, in addition to the starboard main turbine and cruis- 
ing engine of the Henley, her starboard main condenser, main 
circulating pump, main air pump, ahead and astern throttles, 
and main steam piping. The arrangement of the testing plant 
and details of the installation are shown on Plate III. 

A Froude patent water dynamometer was used to absorb 
and measure the power generated, and there were installed on 
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the shaft a Fottinggr and a Hopkinson-Thring torsion meter. 
Plate IV shows the arrangement of the water brake, a de- 
scription of which is contained in the appendix. 

The steam used for the tests was supplied by two Babcock 
& Wilcox boilers in the power house, fitted with superheaters 
giving approximately 100 degrees F. superheat. In order to re- 
duce the temperature of the steam a mixture of superheated 
steam and saturated steam was used. “The result was unsat- 
isfactory, inasmuch as it was found impossible to obtain uni- 
form steam conditions. The arrangement of pressure gages, 
thermometers and calorimeters is as shown on the general ar- 
rangement of the testing plant. In the two Carpenter calori- 
meters, which were installed on the day previous to the official 
tests, it was found that the orifice was too large, so that the 
inlet valve could not be kept wide open without blowing the 
mercury from the manometer. Steam could not be blown 
continuously through the calorimeter shell without filling the 
testing room with vapor, the drain pipe being opened into the 
room. The calorimeters were not lagged. With the excep- 
tion of the calorimeter on the turbine steam chest on test No. 
2, all calorimeter readings were inconsistent, particularly as 
compared with the temperatures observed in the main steam 
line. The Board, therefore, found it necesasry to disregard 
the quality of steam as indicated by the calorimeters. The 
thermometer on the turbine steam chest was found, after the 
tests, to have been improperly installed, its stem being larger 
than the bore on the mercury cup, thus preventing proper im- 
mersion of the bulb. This thermometer at all times registered 
temperatures less than those corresponding to saturation. 
Consequently, the Board has found it necessary to arbitrarily 
determine the condition of the steam entering the turbine chest 
by allowing a drop of 40 degrees F. from the temperature 
observed in the main steam line, allowance being made for 
superheat due to throttling to the chest pressure, as obtained 
from an entropy chart. This correction for quality of steam 
is based on the fact that a fairly constant drop of 20 degrees 
F. was observed on all tests, between the thermometers in the 
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main steam line and on the H.P. valve chest of the recipro- 
cating engine, and is checked by the temperature observed on 
the calorimeter on the turbine steam chest on test No. 2 (the 
only reading from this calorimeter which was consistent). 


CALIBRATION OF INSTRUMENTS. 


The instruments used on the tests were calibrated as fol- 
lows: 

On the afternoon of December 26, 1911, the water brake 
was uncoupled, its weight taken off and the oil piston discon- 
nected. The casing was rocked gently on its roller bearings 
and was found to be well balanced. The length of the water- 
brake arm was measured and the manufacturer’s constant veri- 
fied. 

The Fottinger and Hopkinson-Thring torsion meters were 
calibrated in the following manner: 

With the water-brake casing drained the turbine was run 
at a moderate number of turns and stopped, zero readings be- 
ing taken on both torsion meters as the shaft was about to 
stop. The water-brake casing was then filled with water and 
the weight pan loaded with 150-pound weights, put on one 
at a time until a total of 1,500 pounds was reached, the steam 
pressure being regulated by throttle to maintain revolutions 
per minute varying between 300 and 350, and readings being 
taken on both torsion meters at each load. This operation 
was repeated as the weights were removed, one at a time, the 
casing being finally drained, and zero readings taken of both 
torsion meters as the shaft was about to stop. It will be noted 
that the Fottinger torsion-meter readings from calibration are 
about two millimeters in excess of the water-brake record, 
while the readings of the Hopkinson-Thring torsion meter 
were inconsistent and erratic. 

The line shaft on which the torsion meters were fitted was 
calibrated on November 25, 1911, in the presence of a repre- 
sentative of the Inspector of Machinery, and was found to 
have a torsional modulus of elasticity of 11,731,800. 

The magnifying ratio of the Fottinger torsion meter was 
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found by calibration to be 47.606, and its constant, .0622. 
The constant for the Hopkinson-Thring meter, figured from 
the modulus of elasticity, is .0974. 

The spring gages were calibrated on December 15, 1911, in 
the presence of Chief Machinist Joseph Fitton, U.S. N. On 
December 27 the water-measuring scales were calibrated. 


OFFICIAL, TESTS. 


All data were checked by members of the Board, assisted 
by Chief Machinist Joseph Fitton, and by enlisted men in the 
Navy detailed by the Inspector of Machinery for this pur- 
pose. 

The first test was intended to represent 13-knot conditions 
with the reciprocating engine and turbine in combination. 
This test was begun at 7:42 P. M., December 27, and contin- 
ued until 9:30 P. M., when one of the link-block bolts of the 
cruising engine sheared off and the test was discontinued. 
The engine was uncoupled and tests Nos. 2, 3 and 4 were con- 
ducted with the turbine only, under 10, 13 and 16-knot condi- 
tions, until 5:30 A. M., December 28. The damage to the 
cruising engine having been repaired, tests of the combination 
were resumed on the evening of December 28, beginning at 
7:42 P. M. and ending at 12:48 A. M., December 29. 

As noted in the appended summary of results, Table I, 
there were seven official tests in all, one series of three tests 
with the cruising engine in series with the turbine, and one 
series of three tests with the engine disconnected, each series 
being intended to represent 10, 13 and 16 knots, respectively. 
The r.p.m., and $.H.P. for these speeds being taken from the 
contractors’ estimated curves of performance for the vessel. 
In the 16-knot condition in the vessel itis contemplated to 
admit auxiliary exhaust steam into the first-stage shell of the 
turbine, and, since no such steam was available during the shop 
trials, it was found necessary in order to obtain the required 
S.H.P. to admit live steam into the ahead steam chest of the 
turbine through one cruising nozzle, the pressure being throt- 
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Plate V. 
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U. $.5. HENLEY 
OrriciaL. SHorp Test of StarBoard Unit, 


Dec. 28™ 19). Time 8.15PM. 
R.P.M. 174 














Top, 92.5 
poke MR LHP 68.33 
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Plate VI. 


tled down until the power developed balanced the load on the 
water brake at the desired r.p.m. 

The last test was run at the request of the contractors, and 
was intended by them to represent the performance of a simi- 
lar installation applied to a battleship for a cruising speed of 
10 knots. The Board is of the opinion, however, that 'this 
comparison does not obtain, inasmuch as it involves the sup- 
position that the ratio of power of the cruising engine to that 
of the turbine is the same in both cases, that the percentage 
of full power is the same, and that the corresponding periphe- 
ral speed of the turbine will vary inversely as the square root 
of the total number of moving buckets. 
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Plate VIL. 


A marked improvement in economy of steam consumption 
of the combination at cruising speeds, over that of the turbine 
alone, is shown in the table of comparison of results, Table 
II, from which it will be noted that there is an improvement 
of 33 per cent. at 16 knots, 62.4 per cent. at 13 knots, and 
98.96 at 10 knots. These results have been reduced to stand- 
ard conditions of dry saturated steam at 250 pounds gage pres- 
sure, and a vacuum of 28% inches absolute, the method used 
in correcting the results being explained in the table. 

2 
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U.$.$ HENLEY 
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Plate VIII. 


PRELIMINARY TESTS. 


As originally installed the exhaust from the cruising engine 
was led to the fifth-stage shell of the turbine through a 6%- 
inch diameter pipe subdivided into two 4%-inch connections 
at the upper half of the turbine casing. ‘The first three pre- 
liminary trials were run with the steam thus admitted into 
the fifth stage of the turbine. This connection to the turbine, 
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however, gave an unsatisfactory economy, and the exhaust 
connection was changed to the turbine ahead steam chest, and 
subsequently to the first-stage shell, and it is under the last 
condition that the official shop tests were run. 

Plate V shows. curves of performance of the unit, and on 
plates VI to VIII, inclusive, are shown some of the indicator 
cards obtained on the cruising engine. 


APPENDIX. 


Description of the “ Froude” Water Dynamometer. 


The dynamometer consists primarily of a turbine or rotator, 
revolving within a casing containing water, which is suitably 
mounted on friction rollers and connected to a water supply. 
The rotator is fixed to the shaft which projects on either side 
of the casing, and to which the engine or motor to be tested 
is coupled. Engines or motors of either direction of rotation 
can thus be tested on the one machine by simply coupling up 
to alternate ends of the brake shaft. Each disc face of the 
rotator is formed with a semi-elliptical annular channel di- 
vided into a number of compartments by means of oblique 
vanes. ‘The corresponding faces of the casing are also formed 
with similar channels divided in the same way. The channels 
on the rotator and casing thus form two complete annular 
channels of elliptical cross section, each channel being divided, 
as stated above, into compartments by means of the oblique 


WATER OUTLET. | 
















FIXED CASING 
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GENERAL SECTION. GROSS SECTION OF VANES: 
Fig. 1. Fig. 2. 
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vanes. This will be understood on reference to figures Nos. 
1 and 2. 

When in action the water in each annular channel is ro- 
tated continuously by the centrifugal force imparted to it by 
the rotator, and passes from one compartment into the next, 
and soon. An extremely high speed of rotation of the water 
is obtained, and the power or energy put into the dynamometer 
is by this means converted into heat, which passes away in the 
water leaving the machine. The motion of the water causes 
the rotator to re-act on the casing, and tends to turn it on the 
friction rollers. This is prevented by means of an extension 
arm, working between stops, at the end of which are the bal- 
ance weights by which the actual power put into the dynamo- 
meter is measured. The friction rollers supporting the casing 
are mounted on ball bearings, and the machine is thus very 
sensitively balanced, and great accuracy is assured. It will, 
of course, be understood that the friction of the dynamometer 
shaft in the bearings re-acts on the casing,:and is measured at 
the end of the arm, and no error is introduced on this. ac- 
count. The friction rollers supporting the casing are adjusta- 
ble, so that the dynamometer shaft may be readilv brought 
into line with that of the engine or motor under test. 

The power absorbed at any particular speed depends to a 

_ great extent on the condition of the inlet and outlet water 
valves. A patent system of linkage controls these valves so 
as to maintain an absolutely constant resistance on the engine 
shaft. This machine possesses a very wide range, in fact, 
the power absorbed at any speed may be varied from the maxi- 
mum down to practically nothing. 

The weight at the end of the arm W, multiplied by the ra- 
dius, represents the torque on the shaft, and this, together with 
a knowledge of the speed of the engine N, enables the horse- 
power to be readily calculated by the aid of a simple for- 
mula : 


WxXWN 
oo 
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The length of the arm is arranged so as to give a simple 
constant; for example, K equals 1,000 if the arm is made 5 
feet 3 inches long. For the instrument used K equals 700. 

The quantity of water used by the brake is approximately 
2 gallons per horsepower-hour. It depends, of course, on the 
temperature at which the water is allowed to run to waste. 
This may be between 150 degrees F. and 170 degrees F. 
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THE NAVAL RECIPROCATING STEAM ENGINE, 
ITS CHARACTERISTICS, DIMENSIONS, 
AND ECONOMICS. 


By ERNEST N. JANSON, MEMBER. 





A considerable portion of technical literature has for years 
been devoted to marine engineering topics, among which 
those concerning naval machinery have been exploited exten- 
sively. Naturally, therefore, it is with some degree of reluc- 
tance that the matter is again attacked along lines designated 
by the above title. 

The value of data and calculations pertaining to the recip- 
rocating engine in its present state of satisfactory develop- 
ment, collected in a state of easy review, it is believed, will 
serve a useful purpose, and, it is hoped, will justify this 
paper. 

REVIEW. 


In connection with the reappearance of the reciprocating 
engine for propelling purposes in battleships, and as auxiliary 
cruising engines in recent destroyer installations, it is inter- 
esting to recall certain predictions that have been made from 
time to time as to its development. Thus opinions were ex- 
pressed by engineering authorities more than a decade ago 
that pressures of 500 pounds (even 1,000) might be used ; that 
with the turbine introduced for propelling purposes in ships 
the engine would disappear, and that with the rapid develop- 
ment of the internal-combustion engine both of the former 
would be displaced, all of which is yet to come. 

While numerous noteworthy improvements have been made 
both in details of construction and workmanship, and particu- 
larly in the general arrangements of the machinery, really 
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few, if any, changes of moment, have been incorporated in 
present-day marine reciprocating engines when compared with 
those of ten to fifteen yearsago. We see in diagram appended, 
Figure 1, that piston speeds have been increased conserva- 
tively only, steam pressures more liberally and cylinder ratios 
considerably. Superheat has been introduced in several ves- 
sels with an apparent gain in the economic results but with 
sacrifice of weight and at the expense of upkeep. The value 
of utilizing higher vacua than heretofore with engines has 
been established and an enhancement of mechanical efficiency 
has been reached by application of various improved mechani- 
cal devices such as forced lubrication, inertia balanced valves 
and in the construction of valves and piston rings. The re- 
duction in the volumetric cylinder clearances has also been 
a source of improvement generally. 


FACTORS INFLUENCING DESIGN. 


The present engine, used for battleship installations, is in 


the nature of a standard type, which infers that a certain es- 
tablished practice is followed in the design and construction 
of all the more essential details. 

In the following enumeration are given points which influ- 
ence dimensions as well as characteristic features in recipro- 
cating steam engines. They are: 


1. The horsepower which must be developed. 

2. The steam pressure at the valve chest, also termed the 
initial pressure. 

3. The piston speed, which is a function of stroke and revo- 
lutions. 

4. Ratio of expansion and the cylinder ratio. 

5. Back pressure. 

6. Condition of the steam used, whether saturated or super- 
heated. 

7. Vacuum. 

8. The type of engine—single, compound or multiple ex- 
pansive. 
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All of the foregoing havea direct.and important bearing on 
the dimensions of the cylinders as well as the general design. 

1. Horsepower.—The horsepower apportioned to each en- 
gine is the total horsepower required to drive the ship at 
maximum speed divided by the number of shafts. These are 
invariably two in reciprocating engine-driven battleships, and 
is the general rule for any class of ships, using the motive 
power in question, in the United States Navy. Exceptions 
concern small or obsolete vessels. 

2. Initial Steam Pressure.—The steam pressure at the valve 
chest is considered as the initial pressure at the high-pres- 
sure cylinder. This is equivalent to the boiler pressure less 
the drop in pressure caused by resistance offered in con- 
nections between the boiler and the throttle valve, together 
with loss in pressure caused by the steam passing the throttle 
valve. This pressure in the latest battleship engines is taken 
at 265 pounds gage with a pressure at the boilers of 295 
pounds gage. 

3. Piston Speed.—Piston speed used ranges between 800 
feet and 1,200 feet per minute, the former in slow-speed gun- 
boats and colliers, the latter in high-speed scouts and torpedo- 
boat destroyers, while approximately a mean between the two, 
or about 1,050 feet, is used for battleships of speeds from 20 
to 204 knots. Between 550 and 700 feet is used in engine 
designs for sea-going tugs and vessels of that class. 

The piston speed having been determined, the stroke is fixed 
with regard to height available between top of engine founda- 
tions and underside of protective deck. Other considerations 
which decide stroke are weight allowance'and the revolutions 
required to give suitable propellers. A change in the stroke 
of an engine carries with it no change in cylinder diameters, 
but affects the revolutions. An increase or decrease in the 
weight of an engine, as influenced by the change of stroke, 
will, therefore, be due to alteration in length of-— 


Cylinders, Eccentric rods, 
Piston rods, Crank arms, 
Connecting rods, Height of framing. 
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Also as influenced by change in revolutions to alteration in 
diameter of— 


Crank shafts, Bearings, 
Line and thrust shafts, Propellers. 
Propeller and stern-tube shaft, 


For a given piston speed the revolutions are indirectly pro- 
portional to the stroke. 

The engines for all of the high-speed battleships are made 
with 48 inches stroke, the revolutions, according to speed, 
varying between 115 and 130 per minute at full power. 

4. Ratio of Expansion.—The ratio of expansion and cyl- 
inder ratio are determined by the magnitude of initial pressure 
to be used in conjunction with the terminal pressure expected. 
The definition of the term “ratio of expansion” given in the 
Code (1902) of the American Society of Mechanical Engineers 
in Rules for Conducting Steam-Engine Tests is as follows: 

“The ratio of expansion for a simple engine is determined 
by dividing the volume corresponding to the piston displace- 
ment, including clearance, by the volume of the steam at cut- 
off, including clearance. 

“In a multiple-expansion engine it is determined by dividing 
the net volume of*the steam indicated by the low-pressure 
diagram at the end of the expansion line, assumed to be con- 
tinued to the end of the stroke, by the net volume of the 
steain at the maximum pressure during admission to the high- 
pressure cylinder.” 

The latter definition transformed into a formula may be 
approximately expressed : 


ssi P. capacity 
Ratio of expansion = H.P. capacity at cut-off 


to clearance or point of release in the final cylinder. As the 
theoretical mean pressure depends principally upon the initial 
pressure together with the ratio of expansion, it is evident 
that, due to the fact that the percentage clearance in the low- 
pressure cylinder is smaller than that in the high-pressure 
cylinder, the actual ratio of expansion, which takes into ac- 





without regard 
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count the clearance percentages, becomes smaller than the 
nominal ratio which precludes theni. 

However, it being not theoretical pressures which are used 
in figuring cylinder diameters, but actual mean effective or 
referred pressures as established by comparison with engines 
of known performance, it becomes apparent that really very 
small importance need be attached to whether nominal or 
actual ratios of expansion are being used in the calculations. 
But owing to the fact that “‘ card effect” is usually ascertained 
from engines, the mean pressure in which is calculated upon 
the basis of the actual ratio of expansion, and the referred 
pressures always with reference to the net area of piston, total 
developed horsepower and piston speed, it becomes impera- 
tive, for reasons of conformity, to use actual ratios of expan- 
sion in calculations. 

Expressions for the ratio of expansion and cylinder ratio 
in multiple-expansion engines are : 


2A,—d 


Nominal rate of expansion = (ad, — a) Hi 


A,—d)(1+¢) 
_ (24, 
Actual ratio of expansion (24, —d) (A +4)° 
ats 6, 

2A 47 — a’ 





Cylinder ratio 7, = 
where, 


A , = Low-pressure cylinder area ; 

A, = High-pressure cylinder area ; 
d = Piston-rod area ; 

Ff, = High-pressure cylinder cut-off ; 
c = Clearance percentage, L.P. cylinder ; 
c, = Clearance percentage, H.P. cylinder. 


With increased ratio of expansion the weight of the engine 
is increased and cylinder condensation augmented, the latter 
being due not only to greater adiabatic condensation, but also 
to the increased surface without correspondingly added steam 
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volume at admission. Mechanical efficiency is also impaired 
as a result of greater friction with the enlarged surface. 

Economy at full power with naval vessels being of less 
importance than when operating under reduced or cruising 
conditions, engines with moderate ratios of expansion will 
meet service conditions more satisfactorily than those having 
these ratios unduly increased. In the very latest designs of 
4-cylinder, triple-expansion engines, with two low-pressure 
cylinders, the receiver pipe forming the connection from the 
I.P. cylinder valve chest to each low-pressure valve chest is 
fitted with a gate valve by means of which either low-pressure 
cylinder may be cut out. This will give more nearly the 
proper ratio of expansion at reduced power than would be the 
case with both cylinders in operation. 

5. Back Pressure.—Back pressure, P,, is the pressure of 
cylinder exhaust. This is a function of the pressure at re- 
lease, P,, and the condenser pressure, P. It may be taken 
approximately as a mean of these two pressures, thus: 


P,=.5(P,+ F). 


The principal causes for augmentation in the back pressure 
over that given by the foregoing expression is resistance in 
the valve ports, density of the steam, the velocity with which 
the piston moves and the presence of air in the steam. 

The average back pressure in naval engines is about 6 
pounds absolute. This pressure, however, in the Delaware, 
when running at full power and 128 r.p.m., with about 26.3 
inches of vacuum, was only 44 pounds, and at 87 r.p.m. not 
exceeding 14 pounds. In the U. S. S. Georgza, on the con- 
trary, on a full-power run, it amounted to as much as 12} 
pounds. 

While vacuum aids in decreasing the back pressure it does 
so only nominally, and must of necessity always be better in 
the condenser than in the cylinder by an appreciable amount 
in order to maintain the flow of exhaust at a certain velocity. 

In Figure 2 is illustrated the pressures existing at the ex- 
haust end of the low-pressure cylinder. 
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P, (pressure at point of release) is not that due alone to the 
steam expansion in the engine, but is much below, owing to 
various causes of loss, such as cylinder condensation and pres- 
sure drop in the receivers, etc. Neither is the pressure of the 
condenser, P,, due'to the pressure of condensation within the 
condenser, but also to that caused by the presence of air in 
the exhaust steam. 


ATMOSPHERIC PRESSURE 








. Cor orr 


COMPRESSION 








Ling oF Back PRESSURE =P_g , + * | 
Ling of ConpenserR PRESSURE = A} fs 


i 
Line of Agso.uTeé Vacuum =O Pounnos PRESSURE 
Fig. 2. 





6. Condition of Steam.—The quality of the steam has an 
important bearing upon the economic performance of engines. 
From tests made on different types of battleship boilers used 
for generation of steam without superheat up to date it may 
be inferred that the steam is practically dry. While only 
temporary means have been devised during trials of ships to 
ascertain the quality of the steam, it is believed that the dry- 
ness fraction is not below 98 to 99 per cent. in actual service. 
Superheated steam has been used in some of the later ships. 
The South Carolina and Michigan, the Delaware and the 
North Dakota had superheaters fitted on all boilers, giving an 
average of about 75 degrees F. superheat, the Zexas and New 
York have eight out of twelve boilers arranged with super- 
heaters, while in the two latest ships, the Oklahoma and 
Nevada, the fitting of superheaters is not required. 

The use of superheated steam raises the efficiency of the 
fluid by adding heat without increasing the pressure, lessens 
or prevents condensation during expansion and reduces the 
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resistance to flow and steam friction in the cylinder ports on 
account of the diminished density of the steam. 

The specific volume of superheated steam, in cubic feet per 
pound, is greater than that of dry saturated steam at the same 
steam pressure, aud the difference increases with the degree 
of superheat. The total heat of the former is also consider- 
ably greater than of the latter for the same pressure condi- 
tions and increases in proportion to the degree of superheat. 
Due to these facts it becomes necessary to enlarge the cylin- 
ders when using superheated steam as compared with the 
dimensions required for dry saturated steam. The enlarge- 
ment becomes a function of degree of superheat and corre- 
sponding volume per pound. While no test. data are at 
present available for an engine of the type of the U.S. S. 
Delaware when using saturated steam, we are fortunate in 
the possession of such data when using superheated steam, 
and are, therefore, in a position to figure the proper diminu- 
tion in these engines were they to use dry saturated in place 
of superheated steam, thus: 


At maximum trial performance steam consumption per I.H.P. 
hour, pounds 
Average superheat at engine, degrees F 
Steam pressure at valve chest, pounds absolute 
Temperature corresponding, degrees F 
Specific volume of steam, in cubic feet per pound .................... vv 
Total heat per pound of steam, B.T.U.......ccce ce ctsccsseceeceesesceensenes 
Temperature of feed water, degrees F 
B.T,U. in feed water above 32 degrees F., per pound................006 
chargeable to engine per pound of steam = 1,243.1 —115... 1,128.1 
DOL TEE OME ep tasssastieses seg eos dacaess = 13.38 & 1,128.1 = 15,095 
High-pressure cylinder, displacement at cut-off, in cubic feet per 
LRT Pee Seca lnsp st bl gs gays oyun tah <pibin bmekelnnins = 13538, WOS=2 3 4425-7 


For dry saturated steam we have, assuming same steam 
pressure, or 268 pounds absolute and 1 per cent moisttrre in 
the steam : 


Temperature corresponding, degrees F 

Specific volume, in cubic feet per pound... diptacugned a 

Heat of evaporation cortesponding to 268 pobtids dbedhinie gi pressure.. —‘ 824.9 
Reduced to rn per cent. moisture == .99>K 824.9...00idsvslisssessceedee ease) 816.65 
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Heat in liquid at 268 pounds absolute 
Total heat corresponding, per pound 
B.T.U. in feed at 147 degrees F. temperature 
chargeable to engine per pound of steam=1197.85—1I6.... 
Theoretical steam consumption per I.H.P.-hour, pound 


High-pressure cylinder displacement, at same cut-off, in cubic feet 
POE TOPS GRE: iene ness agus scat scceage sagen sthde deo = 13.94 X 1.73 = 
Ratio of H.P. cylinder when using saturated and superheated 


steam under conditions stated above............cceesceeseess = Pe = 0.93 

With saturated steam, developing the same horsepower, the 
Delaware's H.P. cylinder needs be only 93 per cent. of the 
volume of the present cylinder, with all other cylinders in 
proper relation. 

More economical results are obtained by using superheat, 
provided the superheat is gained by extraction of heat other- 
wise wasted. As low as 10.5 pounds of steam per I.H.P. 
hour has been recorded in multiple-expansion engines, using 
300 degrees F. superheat, in stationary practice. 

7. Vacuum.—Under the heading ‘“ back pressure,” reference 
has been made to the influence of vacuum. While an increase 
in the vacuum augments the power of the engine, other con- 
ditions remaining equal, the overall economic results are not 
always improved. With triple or quadruple-expansion en- 
gines, the general economy, with different degrees of vacuum, 
is largely dependent on the proportion of auxiliary steam ° 
used by the installation, and whether this auxiliary steam is 
being used for feed-water heating. If the auxiliary steam 
constitutes a large percentage of the main‘steam used, a high 
feed temperature may be obtained even though the vacuum 
is considerably above that ordinarily used’ with reciprocating 
engines. This is, of course, due to the comparatively large 
heat transference from the auxiliary steam to the air-pump 
discharge through the feed heater. While’ it ‘is quite pos- 
sible and comparatively easy, provided there is a sufficiency 
of condensing surface and an adequate amount of compara- 
tively cold injection water, to produce a very high vacuum in 
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the condenser, this is by no means so as ragards the cylinder. 
In order for the vacuum to have pronounced influence upon 
the performance of the engine, it must exist in the cylinder, 
without which ‘not even the highest vacuum in the condenser 
will do much good. A difference of several inches in the 
vacuum of the condenser and that of the cylinder is the gen- 
eral rule in naval engines, see Table I. This is due in the 
first place to incomplete expansion as a result of a compara- 
tively small expansion ratio, and secondly to an increase in 
back pressure from causes previously cited. Late tests under- 
taken by Belliss, Morcom & Company, Ltd., have shown that 
while the saving in steam consumption at 274 inches of 
vacuum, or thereabouts, over that at 214 inches is consid- 
erable, the saving is only nominal between 253 and 274 inches. 
Figures of actual tests are given in the table below (from 
paper read by D. B. Morison, before the North-East Coast 
Institution of Engineers and Shipbuilders, England). 

Size of engine (184 inches + 27 inches + 40 inches) 20 
inches stroke; B.H.P. = 1,080 constant for four tests; super- 
heated steam used. 


Vacuum, in inches Z 26.8 25.8 21.5 
Steam consumption, in pounds per B.H.P.. 12.7 13.2 12.83 14.16 
When reduced to 100 degrees F., superheat.. 12.55 12.68 12.74 14.15 


To increase the vacuum involves changes in various auxil- 
iaries as well as the condenser itself. First, a larger and more 
efficient condenser must be produced; secondly, an increase 
in air and circulating-pump capacity must be provided, and 
means must be adopted to effectively prevent air leakage. 

While it is true that very little is gained in the steam 
economy, as shown in the above test, and an actual loss may 
be incurred if such arrangements as heating the feed by aux- 
iliary exhaust be not resorted to, raising the vacuum does in- 
crease the power of the engine. 

In Table 1 are given corresponding absolute pressures, 
vacuum, in inches of mercury, and temperatures, in degrees, 


a 
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Table 2.—TEMPERATURES AND PRESSURES OF SATURATED STEAM. 


Vacuum, inches of mercury 
when barometer is at 30 ins. 


29.8 
29.7 
29.6 
29.5 
29.4 
29.3 
29.2 
29.1 
29.0 
28.9 
28.8 
28.7 
28.6 
28.5 
28.4 
28.3 
28.2 
28.1 
28.0 
27.9 
27.8 
27,7 
27.6 
27.5 
27.4 
27:3 
27:2 
27.1 
27.0 
26.9 
26.8 
26.7 
26.6 
26.5 
26.4 
26.3 
26.2 
26.1 
26.0 
25.8 
25.6 
25-4 
25.2 
25.0 
24.8 
24.6 
24.4 
24.2 





Absolute pressure, Temperature, 
pounds per square inch, degrees F. 

0.0982 : 
0.1474 46 
0.1965 53:5 
0.2456 60 
0.2947 65 
0.3438 69 
0.3929 73 
0.4421 76 
0.4912 79-5 
0.5403 82.5 
0.5894 85 
0.6385 87.5 
0.6876 go 
0.7368 92 
0.7859 94 
0.8350 96 
0.8841 98 
0.9332 99-5 
0.9823 IOI.5 
1.031 103, 
1.081 104.5 
1.130 106 
1.179 107.5 
1,228 109 
1.277 110.5 
1.326 111.5 
1.375 113 
1.424 114 
1.474 II5 
1.523 116.5 
1.572 117.5 
1.621 118.5 
1.670 119.5 
1.719 121 
1.768 122 
1.817 123 
1.866 124 
1.916 125 
1.965 126 
2.063 128 
2.161 129 
2.259 131 
2.358 133 
2.456 134 
2.554 135-5 
2.652 137 
2.751 138 
2.849 139-5 


8. Type of Engine.—The type of engine generally used in 
battleship installations of the United States Navy is the 


This general design has 


4-cylinder, triple-expansion engine. 
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been used iu some twenty ships of late design, which incor- 
porates the general constructive features of the Delaware's 
engines, shown on Figures 3 and 3-A. Engines previous to 
those of the De/aware, however, were not equipped with forced 
lubrication, and only in two instances, in the South Carolina 
and Michigan, used superheated steam. 

The general arrangement of cylinders is: Forward L.P. 
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cylinder, H.P., LP. and after L.P., with the H.P. cylinder 
leading, followed by the I.P., forward L.P. and after L.P., in 
the order named. The H.P. and forward L.P. are opposite 
and 180 degrees apart, which is also the case with the I.P. 
and after L.P., each pair of cranks being 90 degrees apart. 
All cylinder valves are of the piston type, one for the H.P. 
cylinder and two for each of the other cylinders. The fram- 
ing is built up of turned and finished forged-steel columns, 
cross braced and longitudinally connected, bolted to bed plate 
and cylinder feet by means of heavy flanges. The valve gear 
is invariably of the Stephenson double-bar link, and the set- 
ting of the eccentrics such as to provide for open eccentric 
rods. The crank shaft is hollow forged, in two sections, and 
the bed plate is of cast steel in sections bolted together. The 
reciprocating parts of opposite cylinders are balanced in 
weight, and the inertia forces and weights of all piston valves 
are counterbalanced by fitting to each valve a steam-cushioned 
balance piston. All later designs provide for forced lubrica- 
tion. 

The distribution of power among the cylinders is such as 
to give about one-third the total to each of the H.P. and I.P. 
cylinders and about one-sixth to each of the L.P. cylinders. 
Guides, piston rods and connecting rods, crossheads and crank 
pins are, however, of uniform size. 

The dynamic balance is better in an engine with four cylin- 
ders arranged as above described than in a 3-cylinder engine, 
and the 4-cylinder, triple-expansion engine has the advantage 
over the quadruple-expansion engine in that it eliminates the 
very large low-pressure cylinder, whereby weight as well as 
space is saved. 

While piston valves on the L..P. cylinders have the advan- 
tage of uniformly satisfactory operation, they have at the 
same time a detrimental influence as regards increasing clear- 
ance and in permitting harmful leakage between the cylinder 
and the condenser, thereby lessening the mean effective pres- 
sure. Well balanced slide valves overcome the foregoing de- 
fects and can be made double or treble ported. This greatly 
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Fig. 3.—STARBOARD ENGINE, U. S. S. 
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increases the steam and exhaust openings, giving a less ob- 
structed flow, which increases the mean pressure and, there- 
fore, the power of the engine. 

H.P. and I.P. cylinder piston rings are made solid, but the 
L.P. cylinder piston rings are split and provided with means 
of obtaining tightness. All valve-packing rings are made 
with a solidly bolted joint admitting of adjustment for wear. 


SOURCES OF LOSS. 


That which stands out most prominently to the engineer, 
when an analysis is made of the results obtained with eng- 
ines working under certain given conditions, are the losses 
encountered. These may be ascribed principally to the fol- 
lowing causes : 

1. Wire drawing, caused by slow, retarded and inadequate 
steam and exhaust openings in the cylinder valves. 

2. Leakage in cylinder valves and pistons and steam friction 
in the ports. 

3. Drop in pressure in steam connections and receivers. 

4. Incomplete expansion—expansion ceases at the point of 
release instead of the end of the stroke of the last cylinder. 

5. Linear and volumetric cylinder clearances. The latter 
increase with the size of cylinder ports, and are larger with 
piston valves than with flat valves. 

6. Cylinder condensation, which is the source of greatest 
thermodynamic loss. ‘This is caused largely by the alternate 
heating and cooling of the cylinder walls and the great differ- 
ence existing in the temperature of steam adinission and out- 
let. Cylinder condensation may be reduced by minimizing 
the temperature drop between the several cylinders. This is 
done by making the engine of the multiple-expansive type, 
and by providing steam jacketing, superheat and high com- 
pression. 

7. Mechanical inefficiency as caused by friction in moving 
parts, stuffing boxes and bearings. The friction in a marine 
engine is greater than in a stationary engine, due to the long 
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line shafting and to the possible working of the ship in a sea- 
way. It consists of : 

(2) Dead-load friction, directly proportional to revolutions. 

(4) Friction of the working load, which varies directly with 
mean effective pressure and, therefore, the power developed. 

Improved methods in design and construction, together 
with forced lubrication, assistant cylinders on the main valves, 
and more perfect balance has reduced friction to such a de- 
gree that the loss through this source at full load should not 
exceed 6 to 8 per cent. of the total power. The dead-load 
friction, or the resistance within the engine when turning 
over with no steam on, being practically constant, constitutes 
a larger proportion of the power at reduced speed than at full 
speed. Owing to this fact the mechanical efficiency at reduced 
power falls much below that at full power and, probably, does 
not exceed 60 or 70 per cent. 


FACTORS CONDUCIVE TO ECONOMY. 


The propelling engines for naval vessels differ materially 
with respect to economy from those of the merchant marine. 
The best economy of the latter is sought at full power or 
nearly so, while with the former a reasonably good economy 
is also expected at much reduced speeds. The means which 
tend to improve economic results are the following: 

1. The Use of the Highest Practical Steam Pressure.—By 
increasing the steam pressure the temperature is also increased. 
High temperatures have, however, been found to destructively 
affect certain materials like copper and certain compositions 
containing this metal, for which reason principally it is neces- 
sary to use wrought and cast steels in construction of high- 
pressure steam lines. Other causes of trouble with very high 
steam pressures are the greater amount of expansion taking 
place in the piping, and the necessity for its effectual com- 
pensation, as well as in the greater difficulty of producing 
efficient joints. 

While practical difficuties arise from high steam pressures, 
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thermodynamic’ gains ensue toa marked degree, since from 
Carnot’s Cycle the thermodynannic efficiency is measured by 
the ratio of the difference of the absolute temperature at re- 
ception and rejection and that at reception. 


Thus amit represents the efficiency of a perfect heat engine. 
1 


The greater the initial temperature the smaller is condensa- 
tion resulting from expansion. In this connection it has been 
pointed out by Rankine that for temperatures in the vicinity 
of 1,000 degrees F. there is no condensation during expansion, 
while for still higher temperaturessuperheating would actually 
occur. 

2. High Piston Speed.—To increase the piston speed adds 
neither to the cost nor the size of the engine, but adds in a 
direct ratio to the power. Thus the same engine with 1,000 
feet piston velocity develops twice the power of the one with 
only 500 feet, and the former is thermodynamically the 
more efficient because it affords less time for condensation by 
the cylinder walls. To increase the piston speed considerably, 
beyond that presently used, is being looked upon as a possible 
means of greatly improving the utility of the reciprocating 
engine as a prime power. 

Advantages of high speed in condensing engines, as regards 
effect on cylinder condensation, have been shown by tests 
made by the late Mr. Willans, results of which are shown in 
the table below. 


Revolutions per minute 198 116 
Percentage of water present at H.P. cylinder 


12.2 17.9 20.9 
Steam consumption per hour per I.H.P., in lbs. 17.3 17.6 18.9 20 


3. Superheat.—The effect of superheat upon the perform- 
ance, size and efficiency of engines has been previously al- 
luded to. 

4. Steam Jackets.—Professor Robert H.. Thurston, in an 
article in the Journal of the Franklin Institute in 1891, stated: 
“The fact is sufficiently well known that the steam jacket as 
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employed on the steam engine, of whatever form and arrange- 
ment, is intrinsically a wasteful element, and that its use only 
gives in certain cases an economical advantage by its repres- 
sion of wastes of large magnitude. It checks wastes more or 
less effectively and completely.” It is, however, generally 
conceded that a steam jacket on the low-pressure cylinder 
reduces cylinder condensation and accelerates the process of 
reévaporation. It prevents, also, to some degree, the action 
upon the steam from the alternate cooling and heating of the 
cylinder walls. 

5. Forced Lubrication.—This reduces friction of moving 
parts, prevents heating, and generally improves the mechan- 
ical efficiency. 

6. Balance Pistons.—As now designed their application 
conduces to reduce strains in the valve gear and to minimize 
friction and vibration. 

7. Small Cylinder Clearances.—It being somewhat difficult, 
with the present arrangements of valve gears, to bring up to 
initial pressures the compression, a considerable waste of 
steam is caused by the filling with fresh steam the clearance 
spaces of the cylinders. By making the ports shorter and 
more direct and by using higher velocities this source of loss 
may be greatly reduced. 

8. Tighiness of Pistons and Valves.—The preventing of 
leakage of steam from one end of the cylinder to the other, 
or into receivers and condensers, has an important effect on 
the mean effective pressure, upon which the power of the 
engine largely depends. 


DETERMINATION OF CYLINDER DIAMETERS. 


It is important so to proportion the diameters of the cylin- 
ders in a multiple-expansion engine as to make each cylinder 
develop, as nearly as possible, an equal amount of power. 
Having succeeded in doing this it may be assumed that the 
working parts of the respective cylinders, such as the slipper, 
crosshead pins, crank pin and main bearings will undergo 
practically equal amounts of wear throughout the engine. 
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While such proportions are quite readily obtained with the 
3-cylinder triple and 4-cylinder quadruple-expansion engines, 
it is not a point aimed at in 4-cylinder triple-expansion en- 
gines, such as are commonly used for battleship installations. 
In those engines each low-pressure cylinder does not, even 
nearly, develop the same horsepower as either the high or 
intermediate-pressure cylinders. But owing to primarily 
liberal allowances in bearing surfaces and, secondarily, to the 
practical advantages existing in maintaining uniform dimen- 
sions, the working parts are of equal dimensions for all four 
cylinders. By this means, also, a more satisfactory balance 
of the moving parts is accomplished. 

Different methods are used in calculating cylinder diameters 
of multiple-expansive engines. ‘Those most practical in their 
application are: 

1. L.P. cylinder referred-pressure method. 

2. H.P. cylinder volume from approximate steam con- 
sumption. 


3. By comparison of power, pressure and revolutions with 
known engines. 

4. By determination of the cylinder volumes for such tem- 
perature drops as would, approximately, divide equally the 
power. 

Method 1.—This method seems most applicable in that the 
results derived from its use are dependent on nearly all the 
conditions which, in a greater or less degree, influence dimen- 
sions. It is based upon the supposition that the whole power 
expected to be developed by all the’ cylinders in the engine, 
for instance a multiple-expansive engine having one H.P., 
one I.P. and two L.P. cylinders, is developed by the L.P. 
cylinders alone, acted upon by a mean effective pressure due 
to given initial pressure, ratio of expansion, back pressure and 
all ensuing losses. We may assume one J.P. cylinder in area 
equivalent to the two spoken of. The pressure in question is 
the eguzvalent mean effective pressure or the pressure referred 
to the L.P. cylinder. ‘This is, of course, not the pressure pre- 
vailing in the L.P. cylinder when in actual operation, as this 
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pressure is only about one-third of the referred pressure and, 
therefore, the power of the cylinder only about one-third of 
the total. The mean effective pressure of H.P. and I.P. cyl- 
inders must also be such that each develops about one-third 
of the total power. This will be obtained by proper cylinder 
ratios. 

Expansion is assumed to be hyperbolic, the curve for the 
expansion pressure coinciding with that of the common 
hyperbola. The cylinder ratio is stipulated with a view to 
giving the most economical engine for the service intended, 
as well as with regard to weight and space. The cut-off in 
the H.P. cylinder is determined in a way such that the “ ratio 
of expansion” gives a certain desired terminal pressure. 

The initial pressure is less than the boiler pressure and 
may be considered to be about 30 pounds below this with 
machinery arrangements used in types similar to the latest 
battleship designs. 

The back pressure is reasonably well known. As stated 
before, it is a function of release pressure and that in the con- 
denser. Clearance spaces are approximately determined by 
comparison with similar engires. 

Having carefully considered what value to give to each of 
the foregoing items, the procedure of calculating the cylin- 


ders may now be proceeded with. The following notations 
are used : 


A,=L.P. cylinder area (one or two cylinders) ; 
A,=1.P. cylinder area ; 
A, = H.P. cylinder area ; 
d = Piston-rod area; 
c=L,.P. cylinder clearance ; 
¢, = H.P. cylinder clearance ; 
HT, = H.P. cylinder cut-off ; 
I.H.P. = Indicated horsepower ; 
.S = Piston speed in feet per minute ; 
Z = Length of stroke in feet ; 
N = Number of single strokes per minute ; 





THE NAVAL RECIPROCATING ENGINE. 


P, = Valve-chest pressure in pounds absolute; 

P, = Theoretical mean pressure in pounds absolute ; 

P, = Theoretical mean effective pressure ; 

Pr = Actual mean effective pressure ; also called referred 
pressure, or, equivalent mean effective pressure 
(Po); 

P, = Back pressure in pounds absolute ; 

P, = Terminal pressure in pounds absolute ; 

rv, == Cylinder ratio, or the ratio of L.P. to H.P. ; 

r, = Ratio of L.P. to I.P. ; 

R = Nominal ratio of expansion ; 

R, = Actual ratio of expansion ; 

F = Card effect ; 

P, = Cut-off pressure in H.P. cylinder. 


Formule : 

P, P, 
— yes enti F ar ¥ 
For F and other quantities see Table 1, which is figured for 
some of the ships in the naval service. 

P . ‘ : ; 

i R which has only theoretical value and is obtained 
direct from the card by an assumed extension of the expansion 
curve. The point of intersection between this extension and 
the normal drawn: at end of stroke indicates the terminal 
pressure. The actual terminal pressure is greatly below the 
theoretical, owing to-the losses sustained by condensation, 
drop in receivers, friction and radiation. 


Ay 
Ay 
A,_ A, 


n=a = 


A, Ky, 


A 


The )/vzis multiplied by a constant, A, ranging in size 
from 1.1 to 1.15, owing to the fact that, generally, without 





44 THE NAVAL RECIPROCATING ENGINE. 


this multiplier the I.P. cylinder becomes too small in devel- 
oping its share of the work. 


ARE ag reaps: iat 
1 


P= Fy Sa rg 
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The diameters having been determined with piston speed 
stipulated, the stroke and revolutions are established with 
regard to propellers, height and weight of engine. 

Method 2.—This method is based upon the fact that a steam 
engine requires a quantity of steam, the heat in which is 
sufficient not only to develop the power, but also for thermo- 
dynainic losses. 

As the steam weight, or its equivalent in volume used per 
I.H.P., depends entirely upon the inherent features of the 
engine, both as regards its mechanical construction and its 
capacity for utilizing the steam to the best thermodynamic 
advantage, it is readily understood that each type of engine 
has a definite rating as regards the heat units required to 
give a stipulated return in mechanical work. 

To render this method practicable, therefore, it is quite 
essential to possess complete knowledge of steam consump- 
tion per unit of power of the engine in contemplation and 
then to design it in conformity with the engine by which the 
comparison is made. With present practice of ascertaining 
steam economy of naval engines, namely, by actual water 
measurement during trials, this knowledge is readily obtained 
and, therefore, the method is rendered applicable with a cer- 
tain degree of reliability. 
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The application of the method consists in determining the 
volume of the H.P. cylinder, instead of, as by Method 1, the 
area of the low-pressure cylinder. This is done with respect 
to cut-off, initial steam pressure, piston speed, power to be 
developed and the steam weight necessary to give the power. 
The steam volume per unit of weight as influenced by its 
quality or, in other words, whether saturated or superheated 
steam is being used, must be noted. 

It is presumed that all of the steam necessary for developing 
the whole power enters the high-pressure cylinder and that 
no part of the power has been developed by admitting live 
steam into any other part of the engine, as, for instance, the 
receivers. It is also assumed that work due to expansion 
in succeeding cylinders is obtained in the ordinary manner 
of predetermination of ratio of expansion, with due regard 
to back pressure and vacuum. 

The foregoing converted into a formula, giving the rela- 
tions of cylinder diameter to that of power and terms in- 


fluencing the power, is given below. Observing the following 
notations : 


. IL.H.P. = Indicated horsepower ; 
. P, = Initial steam pressure at valve chest ; 
. H,= High-pressure cylinder cut-off ; 
. ‘S = Piston speed ; 
. C = Steam consumption, in pounds per I.H.P. hour; 
. A, = Area H.P. cylinder, in square inches (exclusive of 
rod) ; 

7. r= Cylinder ratio L.P. to H.P. ; 

8. vr, = Cylinder ratio L.P. to I.P.; 

9. ¢= Temperature of steam at 7, ; 

10. @ = Density of steam at ¢ and 7; 


we have 


ary S <6o X AX daa CX EHP 
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A 
oe eC ee 


144 “eo 60 X a x Lae, 


sages is a constant for each type of engine with 7, and ¢ 


given. 


If we put 


% 
Ee aa K, we have 


AX Gees 
Ary= 44 


am, £4, 





Table 3 gives X for saturated steam, and for steam with 
60 degrees F. of superheat and a steam consumption per 
horsepower hour, respectively, of 17.4 and 13.4 pounds, as 
obtained by actual tests and trial data of U. S. S. Bzrming- 
ham and Delaware. Similar tables may be worked up for 
any other condition. The L.P. and I.P. cylinders are found 
in the ordinary way, observing that the ratios 7, and 7, must 
conform with those of the engines from which A’ has been 
derived. 

Method 3 is only used as an approximation for preliminary 
work. Its disadvantage lies in the necessity of having access 
to an engine, by which comparison is made, identically simi- 
lar tothat to be determined. Not only the working condi- 
tions, but also the essential features of construction, must be 
the same. Thus, if live steam has been used in one it must 
be presumed to be used in the other; the condition and qual- 
ity of the steam, together with arrangements of steam jackets, 
general design features in valves and steam ports and lagging, 
ratio of expansion, etc., must rigidly apply to one as well as 
to the other. 

These items being in close conformity, in the known en- 
gine, with corresponding ones of the engine to be determined, 
the areas of the high-pressure cylinders of the two engines 
vary : 
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1. Directly as the horsepower ; 
2. Inversely as the piston speed ; 
3. Inversely as the steam pressure. 
If 
A, = area of H.P. cylinder in the known engine ; 
I.H.P., = indicated horsepower in the known engine ; 
S,, = Piston speed in the known engine; 
P,, = Steam pressure in the known engine ; 
and 
A,, 1.H.P.5, S,; and P, denote, respectively, the same quan- 
tities in the engine sought, we have 


LEP 3S, 
“TWP. * 2S: 


As=A 


Having found the area of the H.P. cylinder, those of the 
I.P. and L..P. are found by multiplying by ratios chosen for 
I.P. to H.P. and L.P. to H.P., respectively. 

Method 4g may be termed the thermal method of determin- 
ing cylinder volumes, because of its treating directly with 
steam temperatures as existing in the different cylinders of a 
multiple-expansion engine and the steam volumes correspow’ - 
ing thereto. 

This method is not used with any degree of accuracy and 
is seldom applied for practical use, owing to the difficulty of 
so apportioning to each cylinder the temperature range which 
will give to it its proportional share of work. This difficulty 
arises from want of knowledge in accurately determining the 
heat consumed in overcoming losses due to cylinder conden- 
sation, radiation, leakage and clearances in the different cyl- 
inders. Having reference to the entropy diagram for adiabatic 
expansion (which, however, is but rarely obtained in a recip- 
rocating engine) and for a total temperature range designated 
by admission and exhaust pressures, the temperature range 
for each of three stages containing an equal number of heat 
units varies so that it is greatest in the first stage, less in=the 
second and smallest in the third. This, applied to an ex- 
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ample where the temperature conforms to a pressure range of 
180 pounds absolute and 2 pounds absolute, we have from the 
entropy diagram, approximately : 


Temperature drop in Ist stage = g1 degrees F. 
2d stage = 82 degrees F. 
3d stage = 74 degrees F. 


Total = 247 degrees F. 


Also from a triple-expansion engine in which the power de- 
veloped in three stages was practically the same: 


Temperature drop in 1st stage = 70 degrees F. 
2d stage = 64 degrees F. 
3d stage = 113 degrees F. 


The foregoing shows a comparison of theoretical tempera- 
ture drops for adiabatic expansion and those that actually 
occur in a triple-expansion engine for equal division of heat 


units in the three stages with given initial and final tempera- 
tures. Diagram, shown on Figure 4, gives an idea of press- 
ures and power developed in a small engine. 


STEAM CONSUMPTION. 


Econoiny in fuel consumption, either coal or oil, is looked 
upon as one of the most important factors in the selection of 
class and type of machinery installations for naval vessels. 

The apparently extravagant use of fuel for propulsion at 
reduced speeds, while largely due to more uneconomical 
operation of the main machinery, is to a greater extent due 
to the auxiliaries. It was thus pointed out in an article by 
Professor Hollis upon the performance of the Charleston that 
72.2 per cent. of the coal was expended on auxiltaries and 
losses at 4 knots, 46.6 per cent. at 8 knots and 15.8 per cent. 
at 18 knots. We find, similarly, in the speed trials of the 
Delaware that 10.5 per cent. was used for the auxiliaries at 
21.56 knots and 36.3 per cent. at 12.24 knots. At the same 
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time, taking corresponding speeds, the main engines: used 
13.38 pounds and 15.12 pounds of steam, while the auxiliaries 


used 42 pounds and 64 pounds of steam, respectively, all per 
I.H.P. hour. 


DETERMINATION OF WATER RATE. 


Comparison of Indicated Steam Consumption with that 
Actually measured on the Birmingham and Delaware. 


While no accurate estimate of performance, from a thermo- 
dynamic standpoint, can be made from weight of water per 
I.H.P. alone, it isa highly important determination for pur- 
poses of comparison. 

Lately, in all ships of the Navy, this has been done by 
actual weighing of the condensed steam from main and 
auxiliary machinery. This method is the pis one known to 
give absolutely reliable results. 

As it is not practicable, however, always to resort to these 
means of ascertaining steam consumption, other means, al- 
though only approximately correct, are often used, among 
which the steam accounted for by the indicator is of useful 
application. ‘The exact amount of steam used by the engine 
is not determinable from the diagram, because that gives the 
pressure of the steam only, and does not take into account the 
water that has been condensed by contact with the cylinder 
as a result of liquefaction. 

The steam consumption is naturally determined from the 
high-pressure cylinder, although it may also be determined 
from the low-pressure cylinder, provided no live steam has 
been admitted to this cylinder. In comparison the steam con- 
sumption calculated from the high-pressure cylinder will ap- 
pear greater than that figured from the low-pressure, and the 
difference may be taken as a measure of the loss that occurs 
in transmission of the steam through the engine. 

Various methods may be employed to determine steam con- 
sumption from the indicator diagrams, all of which give the 
‘indicated steam consumption” so-called because the pressure 
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at cut-off and compression are obtained from the indicator 
card, and corresponding densities from steam tables (there 
being no live steam used in receivers). The method here used 
will assume full knowledge of the engine, such as size of cylin- 
ders and clearances, stroke, revolutions and horsepower. Its 
accuracy depends largely upon the ability to establish— 

1. Cut-off pressure ; 

2. Compression pressure ; 

3. Quality of steam at cut-off. 


The quantity of steam, Q, in pounds per hour, used by the 
engine is obtained from : 


Q=2SX RX 7 x 60 [dx f+ec(d—d)] = 


833R XS xXaldxf+ce(d—d,)]; 
in which 
R = Revolutions per minute ; 
S = Stroke in feet ; 
a = Area of H.P. cylinder minus one-half the area of 
piston rod, all in square inches ; 
/ = Cut-off in decimal of stroke ; 
c = High-pressure cylinder clearance in per cent. of 
cylinder volume ; 
d = Density of steam at cut-off pressure ; 
ad, = Density of steam at compression pressure. 
If 


I.H.P. = Total indicated horsepower developed by the engine, 


* eat 
LHP. = Pounds steam per I.H.P. hour. 


Applied to the Delaware, we have: 


. Valve-chest pressure, pounds absolute, 

. Cut-off pressure, from cards, pounds abs. 
. Superheat, average, degrees F., ’ 

. Density, d, 


. Compression pressure, from card, pounds 
absolute, 
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. Density, d,, 
. Clearance, 


-3801 
é ‘ : ‘ -162 
. Revolutions per minute, . , , oo 18a 


j : 4 
. Net area H.P. eylinder, square inches, . 33,230 


. Stroke, in feet, . 


. LH.P., ‘ ‘ ‘ . 14,290 
; Cut-off, H.P. esitinder, : , ‘ : .86 


QO = 833 X 128.3 X 4 X 1,139 (.86 X .441 + .162 (.441 
— .3801) ) = 178,340 pounds per hour. 


= 12.48 pounds per I.H.P. hour. 


No live steam used in receivers. 

The constants given in the following table were derived 
by careful measurement and calculation from indicator cards 
by Mr. Stephen Rozycki, of the Bureau of Steam Engineering : 





Constant C. 
Name of ship. Speed of ship. Piston speed. | Mean of starboard 


and port engines. 
21.56 1,027 1.072 
Delaware. . 12.24 568 1.161 








24.15 1,170 I.11I 
14.95 666 1.236 
10.65 492 1.364 











Actual water consumption 
~ Calculated water consumption’ 





It is plainly seen that the “calculated from cards” water 
consumption is considerably smaller than the actual, and that 
the difference is materially greater in engines of the Birming- 
ham class than that of the Delaware. The reasons for the 
discrepancy are due, first, to water carried over with the steam 
unaccounted for by the card, and, secondly, to the condensa- 
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tion due to cylinder characteristics, which is undoubtedly 
greater in the Azrmingham’s engines than in the Delaware’s. 

In Figure 5 are shown curves of relative water rates per 
I.H.P. of U. S. S. Delaware and Birmingham. 


SPEED_IN KNOTS:. 
Fig. 5. 


The following semi-empirical formula for approximate 
figuring of steam consumption may be applied with a fair 
degree of accuracy : 


— 34P, + 23. 
Q' ae Ps ’ 
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in which 


Q' = Steam consumption per I.H.P. hour; 
P, = Absolute terminal pressure from ideal indicator diagram 


F, . : 
a (see previous notations) ; 
1 


P, = Equivalent mean effective pressure, also equal to P,, or 
referred pressure ; 

P, = Cut-off pressure ; 

R, = Actual ratio of expansion. 


Applied to main engines of the U. S. S. Nevada and Okla- 
homa, we have 


P,= 42.8 pounds = Pp; 

R, = 12.9; 

P,= 226 pounds absolute ; 

H,= 8; 

Pr= 17.53 

(Piss 35 X 17-5 + 23 _ 
42.8 





= 14.44 pounds. 


Table IV gives actual water ratios per I.H.P. hour for sev- 
eral engines of various types. 


APPENDIX. 


Expressions and Definitions pertaining to Reciprocating- 
Engine Design. 


While most of the expressions and definitions given below, 
in some form or other, may be found in various text-books, 
their enumeration here will be found useful especially as they 
are worded directly to apply to the subject discussed. 

1. Pressure by Gage is that above the atmospheric line. 

2. Absolute Pressure is that above the line of no pressure, 
and at sea level is equal to gage pressure plus 14.684 pounds 
per square inch. 

3. Any pressure below the atmospheric indicates vacuum. 
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4. Vacuum is measured in either pounds per square inch, 
absolute pressure, or in inches of mercury, counted from the 
line of absolute vacuum. 

5. Absolute Vacuum, state of no pressure at sea level, is 
equivalent to 29.92 inches Hg. or zero pounds absolute pres- 
sure. 

6. Each inch on the mercury gage corresponds to .4908 
pound pressure, while one pound is equivalent to 2.037 inches 
of mercury. 

7. Back pressure as well as condenser pressure, when ex- 
pressed in pounds absolute, is counted from the absolute 
vacuum line. The same, when expressed in inches of mer- 
cury, or by the vacuum gage, is counted from the atmospheric 
line down. The equivalent of pounds absolute and inches of 
mercury is obtained by subtracting the absolute pressure cor- 
responding to the back pressure in the cylinder or the con- 
denser pressure from the atmospheric pressure (14.684 pounds 
absolute) and dividing the difference by .4908, thus: 


14.684 — P, (or P, respectively) 
-4908 





= inches vacuum. 


The reverse, or equivalent of inches of vacuum and pounds 
absolute pressure, will be (29.92 — inches of vacuum) .4908 = 
P, or P, respectively. 

8. Initial Steam Pressure, P,, is that existing within the 
H.P. cylinder valve chest. 

g. Pressure at Cut-off, P,, is that existing in the cylinder 
just before the closing of the valve. 

10. Back Pressure, P,, in a multiple-expansion engine, is 
the pressure of the exhaust in the low-pressure cylinder. 

11. Terminal Pressure, P,, is the theoretical expression 
for the pressure existing at the end of the stroke in the low- 
pressure cylinder. It is measured by the distance between 
the absolute vacuum line and the assumed extension of the 
expansion curve at the end of the stroke. It is equivalent to 
the cut-off pressure divided by the actual ratio of expansion. 
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12. Condenser Pressure, P.,, is that existing in. the con- 
denser. 

13. The Theoretical Mean Pressure, Py, in-a multiple-ex- 
pansion engine, is obtained from the formula for hyperbolic 
expansion, 

1 + hyp. log. R, 


P, =P, R, ’ 





where 
P, = initial pressure in pounds absolute ; 
R, = actual ratio of expansion. 


14. The Theoretical Mean Effective Pressure, P,, is ob- 
tained by subtracting from 7, the back pressure ?,, 


Py es PaurtsPus 


15. Lhe Referred Pressure, P,, Equivalent or Actual Mean 
Effective Pressure, P,, is obtained either by the addition of 
each of the individual mean effective pressures with respect 
to each cylinder, or by considering the whole power of the 
engine were developed in the low-pressure cylinder when 
acted upon by this pressure. The expressions will be, for 
triple-expansion engines, respectively : 


P, — LHP. X 33,000 | 
ak pe : 
pone P, 1! a Spon ies 
Pu="1+ Ratio L.P. to LP. * Ratio L.P. to HP.’ 
where 
Pp= Pi; 


I.H.P. = Total indicated horsepower developed by the engine ; 

A = Area of LP. cylinder in square inches with allow- 
ance made for area of piston rod ; 

.‘S = Piston speed in feet per minute ; 

P,, = Mean effective pressure, from cards, in L.P. cylin- 
der ; 

P, = Mean effective pressure, from cards, in I.P. cylin- 
der; 

P,, = Mean effective pressure, from cards,in H.P. cylinder. 
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16. Cylinder Ratio, r,, in engines without tail rods 
PARES 
a9 A, ay 


r 





where 


A, = Area of L.P. cylinder ; 
A,,= Area of H.P. cylinder ; 
d = Area of piston rod. 


17. Nominal Ratio of Expansion, R, 


= gg ee eo, 2 
~ HP. cylinder capacity at cut-off (2 4, —d) 





R 


18. Actual Ratio of Expansion, R,, 


R = (2A,—d)(1 +0) 
oe (2 A, ie d) (77, ~ e) 
where 


A,, A;,and dare as before, and 


c =L,.P. cylinder volumetric clearance ; 
¢, = H.P. cylinder volumetric clearance ; 
Hf, = H.P. cylinder cut-off. 


19. Adiabatic expansion or compression is that in which 
the steam, in expanding or when being compressed, neither 
receives nor rejects heat. Such expansion does not occur in 
the ordinary engine. The equation for adiabatic expansion 
is PV’ = constant, where 7 is the ratio between the two spe- 
cific heats, P= pressure and VY == volume. 

20. Hyperbolic expansion (isothermal), or compression is 
that in which the temperature of the steam during expansion 
or compression is kept constant. The curve of hyperbolic 
expansion is a rectangular hyperbola, the asymptotes of 
which are the lines of pressure and volume. The equation 
for hyperbolic expansion is P’ = constant. 

21. Mariotte’s law states that the volume of a given mass 
of gas varies inversely as the pressure, provided the tempera- 
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ture be kept constant, or PY=constant. This is also the 
equation for hyperbolic expansion. 

22. For wet steam PV* = constant. 

23. For dry saturated and superheated steam above 120 
pounds pressure PY =constant. The latter equation is con- 
sidered to represent the condition of expansion taking place 
in marine engines generally, and is used in the determination 
of mean pressures. 


24. Piston speed, S, is the number of feet traveled by the 
piston per minute. 


rat KN» 
where 
LZ = length of stroke in feet ; 
N = number of single strokes per minute ; 
= 2 times number of revolutions. 


25. /ndicated Horsepower, 1.H.P., is the measure for the 
work done by the steam in the cylinder and is the sum of the 
work done in all the cylinders in multiple-cylinder engines. 


ig Be I PR ACM 


33,000 

S, Zand XN denote quantities as previously given, while 
A = net area of any cylinder, and P= actual mean effective 
pressure. 

26. Brake Horsepower, B.H.P., is the indicated horse- 
power minus the friction of the engine, 

B.H.P. = .9 to .93 I.H.P. (more or less). 

27. Mechanical Efficiency, Ey, is the ratio of brake and in- 
dicated horsepower. 
__ B.H.P. 


Eu = TP. 


28. Thermodynamic Efficiency FE, is the ratio between the 
heat converted into work and the heat received by the engine. 
ee 


ere ee 
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where 


7, = absolute temperature of the entering steam ; 
T, = absolute temperature of the exhaust steam. 


This efficiency in marine engines does not exceed 17 per 
cent. 

29. Cylinder Constants are represented by the decimal frac- 
tion of the net cylinder area and 33,000, when the indicated 
horsepower is given by formula 


Lup. 2AaXPXS 
33,000 
30. Card Effect, F, is the ratio of actual referred pressure, 
P,, and theoretical mean effective pressure, P,. 
31. The mechanical equivalent of 1 B.T.U. is 778 foot- 
pounds. 


I foot-pound = ++, B.T.U. ; 
1 horsepower = 1,980,000 _foot-pounds per hour ; 
33,000 _foot-pounds per minute ; 
550  foot-pounds per second ; 
2,545  3B.T.U. per hour; 
42.41 B.T.U. per minute ; 
0.77 B.T.U. per second. 
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SCREW PROPELLER DESIGN. 


THE INFLUENCE OF THE RATIO BETWEEN GREATEST 
IMMERSED BEAM AND LENGTH ON LOAD WATER 
LINE ON BLOCK COEFFICIENT AND ON THE 
CHOICE OF SLIP CHART TO USE FOR 
ANY GIVEN VESSEL. 


By Captain C. W. Dyson, U. S. N., MEMBER. 


After the publication of the article on ‘“‘Screw Propeller 
Design,” prepared by the writer and published in the August, 
Ig11, number of the JOURNAL OF THE AMERICAN SOCIETY 
OF .NAVAL ENGINEERS, the ‘“‘ London Engineer,” in its re- 


view, called attention to the fact that it is not the Block 
Coefficient alone which should be used in determining the 
proper propeller for a ship. 

This point had been thoroughly understood by the writer, 
but at the time no practical way of graphically illustrating 
corrections to be made for variations in relative dimensions of 
any particular vessel from those of the vessels which were 
used in developing the Charts of Design given in the article 
referred to was in sight. 

By adopting the system of ‘‘ Parent Lines,” as advocated 
by Naval Constructor Taylor in his late book on “ Speed and 
Power of Ships,” a Guide Chart for Correction of Block has 
been produced and is herewith submitted as the most practi- 
cable method of graphically illustrating the correction of 
block to be used in the selection of the slip charts where any 
ordinary departure from the relative dimensions of the stand- 
ard basic vessels occurs. 

The action of a propeller working in the wake of a vessel is 
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dependent upon the motion of the water in which it operates. 
This depends on the form of the afterbody, and for any con- 
stant form of afterbody, the motion of the water at the pro- 
peller will be practically constant, no matter what the ratio 
of length to beam of the vessel, within the practical limits of 
ship construction. 


DEVELOPMENT OF THE CORRECTIVE CHART. 


If from the vessel of ‘“ Parent Lines” we take away the 
parallel-sided middle body and replace it with one of greater 
or less length than the original, at the same time retaining 
the beam and immersed midship section of the parent ship, 
we produce the following results: 

1. Modification of the effective horsepower required for any 
given speed due to change in residual resistance and skin 
friction. 

2. Increase or decrease in the displacement, according to 
whether the middlebody has been lengthened or shortened. 

3. Increase or decrease of the block coefficient of fineness 
and the longitudinal (prismatic) coefficient according to 
whether the middlebody has been lengthened or shortened. 

These changes are indicated by the following formulas : 


Let D = Original displacement ; 
d = Displacement added or taken away ; 
A = Area of immersed midship section ; 
&B = Greatest immersed beam of parent ship; 
Hf = Draught of parent ship; 
LZ = Original length of ship on L. W.L. ; 
Z = Length added to or taken away from middle body ; 
B. C. = Block coefficient of fineness ; 
L. C. = Longitudinal (prismatic) coefficient ; 
I. C. = Coefficient of fullness of midship section ; 


all dimensions being in feet, square feet and tons. 
Amount of displacement added or subtracted by altering 
the length of the middle body equals— 
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y LXA 
35 
and the new displacement is 
D+da. 


The original block coefficient was 


DX 35 


Luexe et 


The new block coefficient is 


D X 35 
L. (a= TYBX AX, 





while the new longitudinal coefficient is— 


(D+@)35 _ 
(Lex 4, °@ 


In the course of these changes, the conditions of the fore 
and afterbodies of the vessel have remained unchanged, and 
as the motion of the water under the stern depends upon the 
lines of the afterbody, the propeller of the parent ship and the 
propellers of these derived vessels are working under identi- 
cally the same conditions of inflowing water and should 
therefore be designed for the same conditions of thrust and slip. 

If the block coefficients for a series of such desired vessels 
be plotted on a chart having for abscissae values, block coeffi- 
cients from o to 1.0, and for ordinates values of 4 these points 
will be found to plot in a straight line passing through the 
axis of the abscissae at B.C. = 1.0, and through the point on 
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the chart corresponding to the B.C. and the value e of the 


parent ship. 
This fact having been established by trial, all that is 
necessary in constructing the corrective chart for block coef- 


ficients is to establish the line of parent (standard) . and of 


bo 
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parent (standard) coefficient of immersed midship section. 
Then all vessels of equal and approximately equal fineness of 
fore and afterbodies may be considered to lie on a line drawn 
through the parent-ship point and the point marked D on the 
accompanying chart, while the immersed midship section 
check on variation of fulness of these bodies will be on the 
curve of standard coefficient of immersed midship section 


directly above the point corresponding to the parent ship -. 


Thus, on the chart, 4 of nominal block coefficient = .78, 
and £ of nominal block coefficient = .61, are taken so that 
both lie on the line D £, intersecting the standard line of = 
at B, corresponding to a block coefficient value of .667. The 
coefficient of immersed midship section corresponding to this 
latter block coefficient is .98. Should the actual coefficient, 
of immersed midship section vary but slightly from this 
charted figure, no account need be taken of it, and the appar- 
ent slip for the design of propeller may be obtained by inter- 
polativg between slip charts for block coefficients .65 and .70. 

Should the departure from the standard coefficient of im- 
mersed midship section be great, a lesser coefficient indicates 
the fulling out of either the lines forward or the lines aft, or 
of both, and as the average designer in fulling out his lines 
would ordinarily attack both the forward and the after bodies, 
we inay assume that the vessel under consideration is more 
nearly equal in value to her actual block where the value of 


B 
Z is less than standard than to her parent one, and select the 


slip chart accordingly. Should the immersed midship section 
coefficient be greater than the standard, the effect will be the 
reverse. 

Of course, the foregoing remarks can not apply to abnormal 
cases such as one which has lately come to the attention of 
the writer. In this case the lines at the stern were so ab- 
normally full that the feed of water for that part of the screw 
nearest the hub appeared to come from directly aft, and the 
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water leaving the screw was thrown off radially. The result 
was that while the model towed easily, it was impossible to 
fit any propeller that would give the required speed, although 
the power developed by the propelling engines was very high, 
as compared with the necessary effective horsepower. 

If, however, the ship is normal in her lines, with »» wide 
departure in coefficient of immersed midship section from the 
standard as given by the curve, the accompanying chart may 
be used with confidence. 





TEST OF A BOILER FEED PUMP. 


REPORT OF TEST OF A BOILER FEED PUMP OF 
BOSTON NAVY YARD DESIGN, AT THE 
ENGINEERING EXPERIMENT 
STATION, ANNAPOLIS, 

MARYLAND. 


The object of the test was to determine the efficiency, water 
rate per I.H.P., slip, and the duty of this pump at different 
speeds, discharge pressures and temperatures of water handled. 

The pump, shown on Plates I and II, is of the vertical, sim- 
plex, solid-piston type, and is of the following dimensions: 


Number of steam cylinders 
Diameter of steam cylinder, inches 
piston rod, inches 
Area of top end of steam piston, square inches 
bottom end of steam piston, square inches 
Nominal stroke, inches 
Number of water plungers 
Diameter of water plunger, inches 
rod, inches 
Area of top end of water plunger, square inches 
bottom end of water plunger, square inches 
Nominal stroke, inches 
Water-plunger packing 
Number of suction valves 
Area of suction valves (clear), each, square inches 
Maximum lift, inches 
Type 
Number of discharge valves 
Area of discharge valves (clear), each, square inches 
Maximum lift, inches 
Type 
Area of steam pipe, square inches 
exhaust pipe, square inches 
suction pipe, square inches 
discharge pipe, square inches 
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The main valve is of the floating type, sliding over a sleeve, 
through which the steam is admitted, and operated by a pilot 
valve in front of the steam cylinder ; this pilot valve being op- 
erated by levers and tappets from the piston rod. 

On starting the tests it was found that the pump would 
work satisfactorily for a short time and then stop, and could 
not be made to move without removing the main steam valve 
and then replacing it, when the punmap would function for a 
short time again. On examining the main steam valve it was 
found that this valve was of such a length as to allow over- 
travel of one-half inch in each direction, the valve probably 
being shortened to allow for a steam cushion at the end of 
travel to prevent striking the valve-chest heads. As long as 
the cushion effect held good the pump operated, but at times 
the momentum of the shifting valves would overcome this 
cushion and strike the valve-chest head, and the pump would 
stop. 

To shorten the stroke of this valve three-eighth inch rings 
were attached by countersunk screws to each end of the main 
valve. On reassembling it was found that while the pump 
would operate, the valve would strike at each stroke. This 
difficulty was remedied by inserting taper wedges in the steam 
grooves at each end of the steam sleeve, so that as the main 
valve neared the end of the stroke the steam passage became 
more and more restricted, thus forming the necessary cushion. 

After running for two days the main valve was removed 
for inspection, and on reassembling the pump refused to op- 
erate, and, as no trouble with the mechanism could be discov- 
ered, it was suggested that possibly the steam sleeve was out 
of center, thus binding the main valve against the steam-chest 
walls. The steam-pipe flange was removed and the steam 
sleeve measured; it was found to be .004 inch out of center. 
This could be corrected by setting off on certain of the 
steam-chest cover bolts, and tightening up on others, due to 
packing in the joint allowing one bolt to be squeezed down 
tighter than the one diametrically opposite. The steam sleeve 
was also found to be slightly warped. The sleeve was re- 
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ground, and ground joint was made to replace the 1/32 inch 
packing joint as required on the drawings. Since the changes 
the pump has been run at all speeds, from 12 feet per minute 
to 100 feet per minute piston travel, and for runs of short 
duration to runs of 72 hours’ duration without any difficulty. 


METHOD OF TEST. 


The exhaust from the pump was piped to a condenser, the 
steam condensed and weighed in tanks on platform scales, 
which were calibrated before and after the test and found cor- 
rect. The condenser was tested for leaks at different times 
during the test, and found tight. A valve was located on the 
exhaust line between the pump and condenser, by means of 
which a back pressure could be maintained on the pump. The 
back pressure was measured by a gage, whicn was calibrated 
each day, and corrections made accordingly. A Carpenter 
throttling calorimeter was fitted between the throttle valve and 
the pump, for determining the quality of the steam, for which 
corrections were made. 

The indicated horsepower was determined from cards taken 
from both the top and bottom ends of the pump at 15-minute 
intervals throughout the test. The number of strokes was 
taken by a continuous counter and averaged, great pains be- 
ing taken to keep the strokes per minute uniform throughout 
the test. The travel of the piston was taken by a recording 
stroke meter attached to the pump rod. 

The pump suction pipe was an 8-inch pipe up to within four 
feet of the pump, where it was reduced to 6 inches. The suc- 
tion was taken from a 13,000-gallon tank, the bottom of which 
was three feet above the suction valves of the pump, thus put- 
ting a pressure on the suction side. The suction pressure was 
measured by a mercury gage placed in the suction pipe at the 
entry to the pump, while the discharge pressure was measured 
by a gage, reading to pounds, attached to the discharge cham- 
ber of the pump. ‘To avoid excessive variations in the suction 
and discharge pressures a 6-inch air chamber, eight feet long, 
was attached to the suction pipe, while an 8-inch air chamber, 
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eighteen feet long, was attached to the discharge line. The air 
chamber on the discharge line was charged with compressed 
air before the beginning of the tests so as to insure the full 
benefit of the chamber. 

The water pumped in tests 1 to 4 and 17 to 20, inclusive, was 
determined by accurately measuring the drop in level of water 
in the supply tank, which had been previously calibrated. The 
water pumped in tests 5 to.16 and 21 to 32, inclusive, was de- 
termined by a venturi meter, which was calibrated before and 
after each change of rate and temperature. 

The following readings were also taken at 15-minute inter- 
vals: Boiler pressure, suction temperature and discharge tem- 
perature, while barometer readings were taken before begin- 
ning each test. All thermometers, gages, scales, etc., were 
calibrated and found correct, or corrections made accordingly. 

Thirty-two tests were run in all, in two main groups of six- 
teen tests each according to temperatures of 65 and 150 de- 
grees F. These main groups were subdivided into four groups 
of four tests each, running at piston speeds of 25, 50, 75 and 
100 feet per minute, and pressures of 200, 250, 300 and 325 
pounds per square inch gage. The hot-water tests were made 
by heating the water in the suction tank to the temperature 
required by passing the water through a feed-water heater 
before starting the tests. 


RESULTS OF TESTS. 


Table I gives the average of the data taken, and the results 
as calculated according to the appendix attached. 

Plate III contains the curves of double strokes plotted suc- 
cessively against the discharge of the pump, in pounds per 
hour, steam per indicated horsepower, and the indicated 
horsepower, for pressures of 200, 250, 300 and 325 pounds 
(gage) per square inch on the discharge side. It will be noted 
that the slip in the second series of sixteen tests is much in 
excess of that for the first series; tests 17 to 20 (the last four 
tests to be run) being about double that for tests 1 to 4 (the 
first four tests to be run). This increase in slip was due to 
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Data from steam end. 
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32/25] 1 |30.38 — 222.92|17.57|130.7|32.25|1.450|73.40|5489 





1|17| 1 |30.03/276.4| 93-8/108.55/14.78] 78.5|10.13)1.268]12.52/1390\98.6|1370.5| 22.84|1627941|1239519| 388422) 200; 8| 3.93 | o|T 
2|17| I }30.00/275.6|112.6]127.34|14.94) 97.5] 9.66|1.25 |14.10|1593/98.5|1569.1| 26.15|1868135|1419463| 448672! 250/ 8| 3.93 | o|2 
3\17] 1 |30.07|275.4|133-6|148.37/15.54|/115.9)10.11|1.26 |17.72|1953/98.4/1921.8] 32.03/2293109|1740185| 552924) 300| 8| 3.93 | 0/2 
417] 1 130.65|279.2/140.6|155.66]15.96|124.1| 9.95|1.238)18.34|/2027|98,8) 2002.7] 33.38/2391340|1814638| 576702) 325 | 8| 3.93 | 0/3 
5|18| 1 |29.75)274.0| 96.8)111.42/14.63) 81.7)18.40|1.353/24.38}2218|99. 1/2198.0| 36.63)2611887|1987379| 624508) 200| 8| 3.93 | o|1 
6|18| 1 !29.82/274.6)123.8}138.45|14.67|100,0)19.31|1.324|30.74|2613199 0|2586.9| 43.11|3083678/2339189| 744489] 250] 8| 3.93 | 0|2 
7|18) 1 |29.78/271.8]147.4|162.03/15.34|119.7|19.43]1.330137-02|3121198.7|3080.4| 51.34|/3680199|2788480| 891719] 300} 8| 3.93 | 0/2 
8)18) 1 |29,78/272.6| 160.2) 174.83/15.81|128.5|18.57|1.340|38.34/3171/98.5|3123.4| 52.06|3735259|2830216| 905043| 325 | 8| 3.93 | 0|3 
9|18} 1 |29.78|269.6/124.4/139.03/15.17| 81.6|26.58|1.397/36. 34/3166199.013134.3] 52.24/3736447|2836471| 899976] 200 | 8 | 3.93 | o|1 
10|18) 1 |29.80|254.0)149.0)163.64/15.61/101, 1|26.90|1.400|45.22|3793/98.5|3730.1| 62.27/4464128/3383448| 1080680) 250 | 8| 3.93 | 0 |2 
11|I19) I |29,89|275.8)174.0| 188.69 15.99) 125.2/25.96|1.408/54.74|4409|98.5|4342,9| 72.38/5199154|3935413|1263741| 300 | 8| 3.93 | 0 |2 
12/19) I |29.90|277.6| 183. 2197.89] 16.20)133.3/25.98)1.418|58.70/4630/98.814574.4| 76.24/5479676/4146395|133 3281) 325 | 8| 3.93 |0|3 
13|19} I |29 90\274.6)128.0|142.69]15.22) 31.7|33 10}1.420,46.30/3864|98. 7/3813.8) 63.5614548188/3451621|1096567| 200 | 8} 3.93 | o|I 
14|19] I |29.89|269.0)1 76.6] [91.26|16.06)102.7/34.76]1.420/60. 70/5291|98.8)5227.5| 87.13/6259055|4737498|1521557| 250! 8| 3.93 |o|2 
15|19| I |29.90|257.4| 198.6|213.29 16.47|123.7|30.45] 1.465|65.96)5553/98.7|5480.8| 91.35(6572039)4969794| 1602245) 300 | 8 | 3.93 | 0 |2 
16|20} ft |30.09|270. 2/211. 4|226. 18 17. 20)133.5/31.43|1.434|72. 18|6097/98, 7/601 7.7|102.96/7221288/5462152/1759136| 325 | 8| 3.93 | 0/3 
17/20} I |30.07|270.0) 92.4 107.17|15.50 75.4| 8.18)1.368)10.14)1295|99. 2|1284.6| 21.41/1525549|1163094| 362455] 200] §| 3.93 | oj! 
18|20} I |30.07/273.0|112.0|126.77,15.30| 95.3) 8.73|1.368/13.68)1577/99.3|1566.0] 26.10/1864244|1417476| 446768) 250| 8| 3.93 | 0/2 
19|21| 1 |30.07/276.2/137.2|/151.97|15.09|114.4| 8.66|1.338)15.94|1778/98.2|1746.0] 29. 10|2084026)1579870| 504156} 300 | 8| 3.93 | 0/2 
20/21) I |30.05|273.4 148.0|162.76,15.84|123.8 9.08) 1.327|17. 88) 1866)98.6)1839.9) 30.66/2198252|1666845| 531407] 325 | 8| 3.93 | 0/3 
21/23) 1 |30.06|275.4|105.8]/120.56:15.22| 77.3/19.08|/1.350/24.02/2339|99.0/2315.6| 38.59|2754789|2095670| 659119) 200 | 8| 3.93 | o|1 
22|23] 1 |30.05|271.0|128.0|142.76]15.47| 95.7|18.91|1.360129.54|2649198.7|2614.6| 43.58]3118072!2367219| 750853] 250/| 8| 3.93 | 0 |2 
23|23| I |30.03|273.4/152.2 166.96,15.88 116.5|18.53} £.370|35.50|3012/98.9|2978.9) 49.65|3560345/2698855| 861490) 300 | 8| 3.93 | 0 |2 
24/23] I |30.04|275.0|165.0]179. 76,16, 13/123. 3/18.05|1.360/36.32/3181/98. 313126.9) 52.12|3740985|2834012| 906973) 325 | 8| 3.93 | 0/2 
25|24| I |30.35|275.4/114.8/129.71]15.48| 79.4|/25.98)1.395134.62/3039]98. 2/2984.3| 49.74|3554122|2702069| 852053] 200} 8| 3.93 | 0/1 
26/24) I |30.34/275.2)142.8)157.70]15.91| 98.1|25.50|1.400|42.76|357 1/98. 1|3503.2| 58.3914183707|3174056) 100965 1| 250 | 8| 3.93 | 0/2 
27/24] I |30.33/274.2| 163.8) 178.7016. 18/115. 7/25.93|1.410|50.9814012/98.4|3947.8| 65.80|4722647/3578262!1144385| 300 | 8| 3.93 | 0/2 
28)24! 1 |30.33/275.4|185.6|200. 50)17.01|129. 2/26. 61|1.414|58.28/4277|98. 114195.7| 69.93|5027126/3807291| 1219835) 325 | 8| 3.93 | O|2 
29/25) I }30.46/275.8)123.6|138.56]15.65| 80.7|35.68)1.442149.76/3864'98.8]3817.6| 63.6314550844/345741 1|1093433| 200 | 8| 3.93 | O11 
30) 25] I |30.45|/277.0)155.2)|170. 16}16. 18] 100.7/33.93| 1.436158.84/4551/99.014505.5| 75-0915385953/4083781| 1302172) 250| 8| 3.93 | 01: 
31/25] I |30.40|276. 2/199 6|214.53]17.29,122.1/33.55| 1.430170. 34|5619198.3/5523-5| 92.06/6623481/501425 1|/1609230| 300 : 3.93 | |: 

I 98.7 3-93 | 0}: 


5417.6) 90.29}6500038)4919926|15801 12! 325 


| 
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Data from pump end. 





Theoretical pump discharge from 


Press. on suction side, ins. mercury 
Pressure corresponding to that given 
in column 21, pounds gage. 

Vert. distance between the two gages. 
Total pressure of pump, in pounds. 
Number double strokes per minute. 
Total feet of piston travel, per hour. 
Water delivered per hour, in pounds. 


N 

n 

i) 

nv 
eed.) 
v 

+ 


25 | 26 
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196.07|18.40}2988} 83515 
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plunger displacement, in pounds 


per hour. 


N 
“i 

iS) 

ie] 


196.07|10.13/1542) 38388} 50495 
246.07) 9.66|1450) 34074) 47501 
296.07/10. 11/1530) 34445] 50128) 
321.07| 9.95|1478| 32968) 48425 


9799, 
246.07|19.31/3070| 84480) 10060. 
296.07)19.43/3102| 83032)101658 


Slip, calculated, pounds per hour. 


i) 
oO 


12107 
13427 
15683 
15457 
14388 
16125 
18626 


Temperature of suction water, de- 


grees F. 


& 
° 





321.07|18.57|2984| 76950, 97792 
196.07|26.58|4456|123726|146035 
246.07|26,90/4520,120819}148132 
296.07|25.96|4388)121475|143797 
321.07/25.98\4422/116504|144914 
196.07|33- 10/5640|173012/184838 
246.07|34. 76/5920} 180133/194042 
296.07/30.45|5354| !53468|175465 
321 07/31.43/5408| 160676|177223 
196.07| 8.18]/1344| 22412} 42519 
-73|1434| 21760! 45445 
66)1392| 20950) 44230/23280 
.08) 1446] 19961) 46025 

196.07|19.08/3098| 77668) 98178 
246.07)18.91|3094) 78434) 98193 
296.07|18.53)3044| 74879| 96362 
321.07|18.05|2954| 69039) 93795 
196.07|25.98)4352/113630|137782|24152 
246.07/25.50\4294/111759|136362/24603 
296.07|25.93|4400| I 123,28] 139284|26956 
321.07|26.61/45 18) 113025|143755|30730 
196.07/35.68/6170| 173799) 195423/21624 
246.07|33. 93/5846] 166022/185849/19827 
296.07 33.55|5764] 159063} 182569)23506 
HA atl was 150215|178180|27965 


20842 
22309 
27313 
22322 
28410) 
11826 
13909 
16997 
16547 
20107 
23685 


26064 
20510 
19759 
21483 
24756 


64.5 
64.5 
65.0 
64.8 
64.5 
64.0 
64.5 
65.0 
154.8 
152.0 
147.4 
143.9 


149.7 
148.8 


153-5 
148.3 





153-9 
144.7 
153.1 
146.6 
153.0) 
148.1 








Duty, calculated from column 19, 
foot-pounds. 


w& 
a 





68.9|44700117 
67.0/43 108161 
66.0142546357 
65-9|42339752 
65.5 
65.0 
64.7 


60484411 





pump r 
eated to 


g feed to be 





Actual capacity, in gallons per hour. 


Theoretical capacity, in gallons per 
Pounds dry steam, per I.H.P. hour. 


hour. 
of water pumped. 


’ Total B.T.U.s consumed by 


Percentage of slip. 


hour, assumin 
200 degrees F. 


Pounds dry steam per 1,000 pounds 


Efficiency, per cent. 


w 
N 
Ww 
w 
Ww 
> 
Ww 
a 
Ww 
~I 
w& 
[) 











64411135 
63594433 
64.6|62971867 
62179472 
63460496 
65649354 
64718184 
71360525 
67200173 
67548276 
67648591 
27966845 
27646628 
28380544 
27820324 
152.0/53296081 
59294550 
8159362396 
56377692 


3214820 





3915430 
5392428 


Solenioted from column 38, 
s. 


foot-poun 


Duty, 


w& 
\o 
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the wear of the white-metal plunger, which, on measuring be- 
fore and after the test, showed a wear of 1/16 inch after the 
pump had completed 171,756 feet of piston travel, when work- 
ing under pressures of 200, 250, 300 and 325 pounds. 

On examining the monel-metal plunger rod and pump- 
cylinder liner, they were found to be in as good condition as 
when the test was started, although the pump had been re- 
quired to handle salt water at a temperature of 150 degrees F. 

The pump handled water at 150 degrees F. equally as well 
as at 65 degrees F., but at all temperatures of water when run- 
ning above 80 feet piston speed there was a tendency for the 
pump to hammer; this'was supposed to be caused by the valve 
area being too small to allow the pump cylinder to fill with 
water before the completion of the stroke. 

Tracings of indicator cards taken at different speeds and 
pressures are given. Cards Nos. 9 and 10 were taken before 
alterations were made in the main steam valve; card No. 9 
before adding the distance pieces on the ends of the main valve, 
and card No. 10 before placing the taper wedges in the steam 
grooves in the steam sleeve. 


APPENDIX. 


CALCULATIONS, 
Columns. 


1. From data. 
. From data. 
3. From data. 
. From data taken at beginning of each test, and corrected by Smith- 
sonian Meteorological Tables. 
. From data, average of fifteen-minute readings. 
. From data, average of fifteen-minute readings. 
. Column 6 plus barometer pressure in pounds per square inch. 
. From data, average of fifteen-minute readings. 
. Average from indicator cards taken at fifteen-minute intervals. 
. Average from continuous counter. 
Column 26 
2X 60 X Column 25° 
: a erage from indicator cards taken at fifteen-minute intervals. 
. As weighed. 
. Calculated from data, from throttling calorimeter, 
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18. 


19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 


28. 


29. 
30. 


31. 


32. 


33. 


34. 
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a= [H —q+S (%11—Tc)] =r. 

r= latent heat, due to pressure in steam pipe. 

q= heat of liquid, due to pressure in steam pipe. 

H= total heat in one pound of dry steam at calorimeter pressure. 

Tc= Normal temperature of steam in calorimeter, due to calori- 
meter pressure. 


T:= Reading of thermometer in calorimeter. 
S= Specific heat of superheated steam at calorimeter pressure. 


. Column 13 & Column 14. 
16. 


17. 


Column 15 ~ 60. 


Column 15 X total heat of steam corresponding to pressure given in 
Column 7. 

Assuming the quality of the exhaust steam to be 85 per cent. dry and 
used in a feed-water heater of 90 per cent. efficiency; then this 
column would be obtained: 

[.85 r + g] X column 15 X .9. 
q= heat of the liquid corresponding to pressure in column 8. 
r= latent heat of steam corresponding to pressure in column 8. 

Column 17 — Column 18. 

From data, average of fifteen-minute readings. 

From data, average of fifteen-minute readings. 

Column 21 + 2.035. 

From measurement. 

Column 20 — Column 22 + Column 23. 

Average from total readings of revolution counter. 

From continuous-stroke recorder. 


. Tests 5 to 16 and 21 to 32, inclusive, from venturi-meter readings; al! 


other tests from calibrated tank. 

AX LX D; where A = area of plunger minus one half the area of 
the rod, in square feet; L = total travel of piston in feet per hour 
(Column 16); D = density of water in pounds per cubic foot at 
the temperature given in column 30. 

Column 28 — Column 27. 

From data, average of fifteen-minute readings. 

H & W X 1,000,000 

h 
H= total head in feet == Column 24 X 2.306. 
W= weight of water pumped = Column 27. 
h= total number of heat units consumed by pump (Column 19). 
Column 28 — Column 27 





Duty = , where: 








Column 28 aa 
AX L XK 7.4805 
144 ; 
A = area in square inches of pump plunger minus one-half the area 
of the rod. 


L = total travel of pump plunger in feet per hour, Column 26, 
Column 33 X 100 — Column 32 





100: 
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HxW 
35. 60 & 33,000 
~ LHP. 
I.H.P. from Column 12. 
H = total head in feet, Column 24 X 2.306. 
W = weight of water pumped, Column 27, 
36. Column 15 + Column 12. 
»~ Column 15 X 1,000 
=~ 


xX 100. 


38. Assuming that the feed water is heated to 200 degrees F. by the ex- 
haust from the pump, then the total B.T.U.s absorbed by the pump 
will be: 

Col. 13 [(Col. 14 & r+ q) — (200-32) ]. 
where r = the latent heat of steam at pressure (Column 7), and 
q = heat of liquid at the same pressure. 

39. Duty = st ie 1,000,000 » when 

H=total head in feet = Column 24 X 2.306. 
W= weight of water pumped = Column 27. 
h= total number of heat units, consumed by pump, Column 38. 


Note.—Marks and Davis’ steam tables were used in making all steam 
calculations. 
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ALTERNATING CURRENT ON SHIPBOARD. 


By LIEUTENANT A. Norris, U. S. N., MEMBER.* 


Electricity has been used on board ships of the Navy for 
lighting and auxiliary purposes for many years, but the ques- 
tion of economy in its use and application has had compara- 
tively little consideration. The competition which has been 
inaugtirated in the engineering branches of the service has, 
however, caused many subjects to be taken up for investiga- 
tion in an effort to discover more economical methods of op- 
eration, and the time has now arrived to consider the most 
economical methods of generating and applying electricity for 
power and lighting on board ships of the Navy. 

All electrical installations at present in use on shipboard are 
on the direct-current system. Alternating current has never 
been used, although it has been in use in the various navy yards 
and commercially for a number of years. It is claimed by 
many that alternating current cannot be successfully applied 
to the many and varied uses for which electricity is required 
on naval vessels, for the reason that, for most purposes, it is 
not as flexible as the direct-current system at present installed. 

Alternating current is used very extensively on shore. and 
its use there is rapidly increasing at the expense of direct cur- 
rent. f 
One of the great advantages of the alternating-current sys- 
tem on shore is the ease with which the voltage can be stepped 
up to high potential for economical long-distance transmission, 
and then stepped. down to low voltage for commercial ‘use at 
any place along the transmission line. . This principle of, volt- 


* Lieutenant (J. G.) V. V. Woodward, U.S. N., assisted in the preparation of this paper. 
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age transformation holds to some extent on board ship, as will 
be shown later. 

Since the introduction of the steam turbine, which is essen- 
tially a high-speed machine, practically all electrical power in 
power plants is generated on the alternating-current system, 
because the steam economy of the steam turbine can only be 
obtained at high rotative speeds. On the other hand, the di- 
rect-current generator is inherently a comparatively low-speed 
machine, and if run at the high economical rotative speed of 
the steam turbine a prohibitive violent sparking of the commu- 
tator would result. 

All early electrical apparatus was built on the direct-current 
system, consequently the direct-current system has been de- 
veloped to a high degree, but during the last few years, since 
the steam turbine has directed study along alternating- 
current lines, vast strides have been made and are continuing 
to be made in the application of the alternating-current system 
to all commercial purposes. 

Considerations which have led to the adopting of the al- 
ternating-current system on shore are: 

In the power plant: 

I. Cheaper first cost of installation. 
II. Cheaper cost of production per kilowatt hour. 
III. Cheaper mechanical cost of upkeep. 
IV. Cheaper cost of labor upkeep. 
V. Less space required for generators. 
VI. Less weight of generators. 
. Higher generated potential. 
. Simpler construction of generators. 
IX. Higher efficiency of generators. 
X. Increased ease of voltage regulation. 
In transmission of power: 
I. Ease of stepping up and down potential. 
II. Ease of transmission at high potential. 
III. Saving in cost of transmission due to high potential. 
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IV. Saving of weight in transmission lines. 
V. Reduction of losses in transmission lines. 
Application (motors) : 
I. Cheaper motors. 
II. Simpler construction of motors. 
III. Less weight of motors. 
IV. Less space occupied by motors. 
V. Less cost of upkeep and repair of motors, 
Vi. Use of open motors where closed are now necessary. 
The electrical installation of a battleship is such a compli- 
cated problem that it must be considered in detail to determine 
whether the alternating-current system will be satisfactory in 
all respects. In order to do this it will be necessary to. enu- 
merate the electrical appliances used on board ship. 
These are on board a modern battleship— 
3—H.P. motors—long-arm system. 
35-H.P. motors—turret turning. 
50-H.P. motors—cranes, hoisting. 
30—H.P. motors—cranes, rotation. 
35-H.P. motors—deck winches, 
3—H.P. motors—ammunition hoists. 
3—H.P. motors—fresh-water pumps. 
12—H.P. motor—sanitary pump. 
6—-H.P. motor—laundry. 
4—-H.P. motors—ammunition hoists, 
40-H.P. motors—turret hoists. 
10-H.P. motors—turret hoists. 
15-H.P. motors—turret-gun eleyating. 
10-H.P. motors—turret rammers. 
5-H.P. motors—turbine jacking. 
45-H.P. motors—forced draft. 
13 to 11-H.P. motors—ventilating sets. 
+ to 2-H.P. motors—galley. 
3 to 74-H. P. motors—machine shop.. 
Motors—12-inch bracket fans. 
Motors—16-inch bracket fans. 
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500-watt motor generators—interior communication. 
25-watt dynamotors—telephone bells. 

1,500-watt motor generators—turret-danger zone 

5,000-watt motor generators—wireless. 

Small motor generators—howlers. 

100-kilowatt ranges. 

33-kilowatt bake ovens. 
15-kilowatt searchlights. 

25 to 500-watt incandescent lamps. 

15 to 500-watt electric heaters. 

12 mercury-vapor lamps. 

165-H.P. motor—steering engine. 

In considering the installation of an alternating-current sys- 
tem on shipboard the principal factor to be determined is the 
adaptability of the alternating-current motor to the various 
uses for which electric power is required. 

The following are the forms of alternating-current motors 
now manufactured : 

I. Synchronous motors. 
II. Series-commutator motors. 

III. Induction motors. 

IV. Repulsion motors. 

The synchronous motor is inherently a constant-speed motor 
and could be used only for that purpose. It possesses but poor 
starting torque, readily breaks down when subjected to widely 
or rapidly fluctuating loads. Direct-current field excitation is 
also required, which is a great disadvantage. ‘The synchron- 
ous motor is seldom manufactured in small units. From these 
considerations it is not considered a suitable motor for ship- 
board use. 

The alternating-current series type has recently come into 
use, but is principally employed in single-phase traction sys- 
tems, and it is not suitable in its present development for use 
on shipboard, due to its excessive weight, poor efficiency, low 
power factor and serious commutator troubles. 

The induction motor is the simplest motor manufactured 
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and appears to meet the requirements of ship use. It will be 
described in detail. ; 

There are several forms of repulsion motor manufactured, 
but all are unsuitable for naval use, due to the use of a com- 
mutator and serious sparking troubles. 

The alternating-current induction-type of motor will now be 
considered, it being the best motor for the various duties re- 
quired aboard ship. It is of most rugged and simple construc- 
tion; there is no commutator, the source of so much trouble in 
direct-current machines. Freedom from sparking adapts this 
motor for use in any part of the ship, such as the handling 
rooms, magaziries and ammunition passages. If the stator 
windings are properly insulated the motor can be run under 
water as readily as in the air. There is no leakage whatsoever, 
even in salt water, in spite of there being bare copper conduct- 
ors of the rotor in actual contact with the water. It requires 
little attention other than proper lubrication and it has proved 
itself a most reliable piece of machinery. 


INDUCTION MOTORS ON SHIPBOARD. 


The successful application of the induction motor on ship- 
board requires a knowledge of the operating characteristics 
of this motor, and also those of the apparatus to be driven, so 
that the form of motor installed may be in every way suitable 
for the work it has to perform. Before it is possible to de- 
termine the most suitable type for any particular service, it is 
necessary to make a complete series of characteristic curves, 
and from these, data relating to (1) variations of speed and 
torque, (2) slip, (3) rating, (4) efficiency and power factor, 
may be obtained. These characteristics have a direct bearing 
on the performance of a motor, and they may be considered 
as follows: 

Speed-Torque Characteristics—The most important char- 
acteristic of the induction motor is that which shows the rela- 
tion between the torque and the speed at which it is developed. 
When load is! put'on a motor its speed falls off until the in- 
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duced E..M.F. in the secondary is sufficient to develop the 
torque required by that particular load. As the load is in- 
creased the torque increases until the stalling point (pull-out 
torque) is reached, when both torque and speed fall off rapidly 
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until the motor stops. If the increase in torque were propor- 
tional to the decrease in speed the resultant speed-torque curve 
would be a straight line, as represented by T* in figure 1. In 
practice, however, a speed-torque curve assumes the form of 
T?, for the following reasons; 

(1) Since the counter electromotive force of the primary 
winding decreases as its IR drop increases, the magnetic field 
will be diminished, so that the speed must fall off more rapidly 
than the torque increases to generate the induced currents re- 
quired in the secondary. 

(2) The induced electromotive forces in the secondary are 
opposed by a counter electromotive force, consisting of a 
series of local electromotive forces set up by the stray mag- 
netic fields, due to the primary and secondary currents, which 
necessitates a further drop in speed for any particular value 
of torque. 

If the speed of an induction motor remains constant. the 
torque developed would be proportional to the watts output 
and the losses in the secondary, but, as before stated, the torque 
increases to a greater extent, owing to the fact that the speed 
drops as the load increases. 

The torque developed is directly proportional to the watts 
input to the secondary and varies as the square of the voltage 
impressed on the primary winding, owing to the fact that an 
increase in the voltage causes a decrease in the leakage. As 2 
motor requires a rotor of fairly high resistance to enable it 
to exert a large torque at starting, it will be of interest to con- 
sider the effect of varying values of resistance in the secondary 
circuit, reference being made to the curves in figure 2, which 
represent the torque at different speeds corresponding to dif- 
ferent values of controller resistance in the rotor circuit of a 
variable-speed motor. From these curves it will be seen that 
as the secondary resistance increases, the slip is increased pro- 
portionally if the same value of torque is required; also, a 
low secondary resistance gives the smallest drop in speed for 
a given increase in the torque developed, but gives a low start- 
ing torque at the expense of a large starting: current, so that 
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this condition is, therefore, not suitable for running purposes. 
When the slip is large, the starting torque is greatly increased 
for a small increase in the starting current, but falls off rapidly 
as the speed approaches its synchronous value, the torque de- 
veloped at any given “ slip” being proportional to the square 
of the impressed voltage. It will, therefore, be seen that in- 


Fig. 2.—SPEED-TORQUE CURVE CORRESPONDING TO DIFFERENTIAL 
VALUES OF RESISTANCE IN THE SECONDARY CIRCUIT. 


creasing the rotor resistance. within certain limits will cause 
an increase in the “ slip’ and “ starting torque,” and diminish 
the starting current; also, the torque is directly proportional 


to the rotor resistance at starting, but “inversely” when the 
motor is running on load. 
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Slip.—As is well known, the synchronous speed of an in- 
duction motor is given by the number of. alterations of the 
supply circuit, divided by the number of pairs.of poles, and the 
difference between this speed and the actual speed at any par- 
ticular load represents the “ slip,” which is generally expressed 
as a percentage of the synchronous speed. The slip increases 
with the load, so that the torque developed is increased suff- 
ciently to take charge of that particular load. The slip is di- 
rectly proportional to the resistance of the rotor winding; it 
also represents the I*R loss in the winding, because the slip at 
any particular load is just sufficient to generate the induced 
electromotive forces necessary to drive the rotor current 
through the ohmic resistance of the windings. For these rea- 
sons the “ slip” expressed as a percentage of the synchronous 
speed is equal to the I?R loss in the rotor expressed as a per- 
centage of the watts input to this winding. 

The slip varies inversely as the square of the impressed 
voltage; that is to say, with constant torque, if the voltage is 
doubled the “slip” is reduced to one-quarter of its former 
value. 

Rating.—A motor is generally rated so that it will carry its 
normal load continuously with a definite rise in temperature, 
which is usually about 50 degrees centigrade. The rating of 
a motor should depend upon its type and also on the conditions 
under which it has to operate. When a motor has to operate 
under continuous running conditions, the foregoing is the only 
satisfactory rating; but in the case of deck winches or cranes, 
where the maximum power is required only occasionally and 
for short periods, the rating should be governed by an “ inter- 
mittency factor.” With this method of rating, although a 
motor may be considerably overloaded for short periods, at fre- 
quent intervals it will be idle, and so have every chance to cool 
off. When the rating of a multi-speed motor is to be gov- 
erned by an intermittency factor, the fact.that it has some- 
times to deliver its maximum power at its lowest speed should 
not be overlooked. Under these operating conditions the 
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effect of an intermittency factor should not be so great as in 
the case of the constant-speed machine. 

An intermittency factor affects the heating limit on which 
depends the rating of a motor, and, as a machine can stand 
a larger overload when running at its highest speed, owing to 
improved ventilation, too much allowance should not be made 
for intermittent working when a motor is called upon to de- 
liver heavy overloads at low speeds, from the point of view 
of overheating. 

Efficiency.—The ratio of the actual to the synchronous 
speed of an induction motor is sometimes taken as a measure 
of its efficiency, which is inversely proportional to the resist- 
ance of the rotor winding, consequently it is inversely pro- 
portional to the slip. An induction motor generally has its 
maximum efficiency at about three-quarters load, which indi- 
cates the most suitable distribution of the losses for obtaining 
a motor capable of good all around performance. ‘There is a 
large variation of the efficiency at different speeds for any 
given value of torque, and as an increased torque is accom- 
panied by increased rotor losses, it is impossible to have large 
torque and high efficiency. The fact that a motor has low 
efficiency at low speed is not of great importance, unless it is 
required to run at reduced speed for considerable periods. 

Power Factor.—The power factor of an induction motor is 
low at light loads but increases rapidly with the load; when a 
motor is working much below normal voltage its power factor 
will be correspondingly low. On the other hand, an increase 
in the voltage above normal value will also cause a decrease in 
the power factor, which is due to increased iron losses. The 
iron loss is made up of magnetizing and leakage components, 
and as the magnetizing component has a constant value at all 
loads and the value of the leakage component varies with the 
load, the effect of the former on the power factor will be 
greater at light loads, consequently a motor having a large 
magnetizing and small! leakage current will have a low power 
factor at light loads. A small magnetizing and a large leakage 
current will produce a high power factor at light loads, which 
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will fall off rapidly as the load increases. When the motor 
is required to develop a high maximum torque, as this requires 
a large magnetizing current, the power factor at light loads 
will be low. In cases where the magnetizing component is 
small compared with the leakage component the power factor 
at light loads will be high and the maximum torque will be 
low. 

The characteristics which have been considered are com- 
mon to all induction motors and have a direct bearing on their 
application to ship use; but before considering the selection 
of the most suitable type of motor for any particular service 
it will be necessary to make a comparison of the characteristics 
of the various types, and for this purpose the induction motor 
may be divided into two distinct classes, viz: (1) constant- 
speed motors and (2) variable-speed motors. These may be 
again subdivided into two types, depending upon the nature of 
their rotor windings, (1) squirrel-cage or permanently short- 
circuited rotor; (2) phase or polar-wound rotor with connec- 
tions to some external resistance, each of these types being 
suitable either for constant or for variable-speed service. 


CONSTANT—SPEED MOTORS. 


This class of motor has the smaller slip and also good speed 
regulation, running at almost constant speed from no load to 
heavy overloads. The rotor is usually of the squirrel-cage type 
when the rating of the motor does not require a large start- 
ing current and frequent starting is not. necessary. As the 
slip is very small, this type has high efficiency and excellent 
speed regulation. ‘The characteristics of this type are illus- 
trated by the curves in figure 3, taken from a test sheet, which 
shows the performance of a seventy-five horsepower, three- 
‘phase induction motor. It will be seen that the full-load 
values are:—slip, 4 per cent.; efficiency, 87.5 per cent.; and 
power factor, 89.5 per cent. ‘The power factor increases with 
heavy overloads on the motor. The full-load torque is ap- 
proximately 680 pounds, and the torque exerted at normal 
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voltage (200 volts) with the rotor locked, was 2,225 pounds, 
so that the starting torque is 2,225 + 680 or 3.27 times the 
value of its full-load torque. 


Fig. 3.—CHARACTERISTICS OF INDUCTION MOTOR. 


The starting torque is much less than the maximum torque. 
the motor will develop before stalling or the pull-out torque is 
reached. It is impossible to obtain a large starting torque with 
small starting current from this type of motor, as this re- 
quires a large slip, but the starting conditions may be im- 
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proved at the expense of efficiency by substituting short-cir- 
cuiting rings made from a material having a higher resistance 
and smaller section. 


Fig. 4.—SPEED-ToRQUE CURVE OF POLAR-WOUND MOTOR FOR VARIOUS 
EXTERNAL RESISTA:i CES IN ITS ROTOR CIRCUIT. 


Polar Wound Rotors.——The employment of a motor having 
a wound rotor in conjunction with a variable resistance in the 
rotor circuit gives a high-resistance rotor ‘at starting and a 
low-resistance rotor when running on load, which means high 
starting torque with low starting current. The speed-torque 
curves obtained from a motor of this type for varying values 
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of external resistance in its rotor circuit are shown in figure 
4, from which it will be seen that the speed remains nearly con- 
stant at all loads when the rotor is short circuited; the motor 
will also operate at high efficiency and power factor. A ref- 
erence to the curves of figure 4 will show that for a particular 
value of torque developed by the motor the power factor and 
primary-current input will remain constant at all speeds at 
which that torque is developed; that is to say, the power fac- 
tor and the power taken by the motor depend upon the torque 
developed and are independent of the speed. As the rotor 
resistance is cut out by the controller, the speed for any .par- 
ticular torque increases, and when the motor is working on 
load with a resistance in the rotor circuit, the horsepower out- 
put will vary directly as the speed. It is not advisable to run 
a motor intended for constant-speed work with resistance in 
its rotor circuit, as it interferes with the speed regulation. The 
efficiency will be decreased, owing to the energy wasted in-the 
rotor circuit, and also the motor would be running much be- 
low its normal speed, and would be running with a large slip. 


MULTI-SPEED MOTORS. 


The induction motor is substantially a constant-speed ma- 
chine. Its change in speed between rated load and no load is 
from four to eight per cent., depending upon the capacity of 
the machine, the larger sizes usually having the better speed 
regulation. However, for many uses on board ship it is 
necessary to have a motor the speed of which may be ad- 
justed over wide limits. The following are the various meth- 
ods by which the speed of induction motors may be varied : 

I. Variation of applied potential. 
II. Variation of the rotor resistance. 
III. Variation of the number of motor poles. 
IV. Variation of the frequency of the supplied voltage. 
V. Cascade or concatenated connections. 

Methods I, II and III, are.the only ones applicable for use 
on shipboard; the others are too complicated. 

Speed Control by Variation of Applied Potential_—The slip 





ALTERNATING CURRENT ON SHIPBOARD. 


Fig. 5.—SpEED-TORQUE CURVE WITH VARIOUS VALUES OF ROTOR 
RESISTANCE. 
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of an induction motor at a given torque varies approximately 
inversely as the*square of the primary voltage, and this is the 
principle governing the action of the potential method of speed 
control. The variation of the applied potential can be ob- 
tained by (1) compensator in the primary circuit of motor, 
(2) variable resistance in the primary circuit. The speeds ob- 
tained with different values of potential for various values of 
torque are shown in figures 6 and 7, and from these the speed 
regulation, for any selected voltage, upon change in torque is 
readily obtained. The speed regulation of a motor controlled 
by this method is only fairly good, and the power factor and 
efficiency decrease with the speed. The regulation and effi- 
ciency are less satisfactory when adjustable resistance in circuit 
with the stator is employed in place of the compensator or 
auto-starter. 

Speed Control by Variation of the Rotor Resistance.— 
This method of adjusting the speed of an induction motor is 
by varying the resistance of the rotor windings. With this 
method, as before stated, the starting torque can be made any- 
thing up to the maximum value, that is, three or four times 
the rated load torque. The rotor-regulating resistances are 
placed external to the motor, except in motors of small size, 
connections being made to the three free ends of the “ Y” 
rotor winding by means of three slip rings and brushes. This 
type of resistance control, owing to the presence of the slip 
rings and brushes, is generally known as the slip-ring method. 

As previously shown, the slip of an induction motor at a 
given torque varies directly as the secondary copper losses; 
hence if the rotor resistance per phase winding be doubled, the 
slip for any given torque will be increased 100 per cent.; if 
the resistance be increased to three times its initial value, the 
slip will be thrice its former amount, ete. The curves shown 
in figure 4, correspond to secondary rotor resistance of one, 
two;'three, four, five and six times that existing with the rotor 
short circuited, and the curves in figure 5, to one, one and 
one-half, two, four, five and eight times that existing with the 
rotor short circuited. These externally added resistances 
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are “ Y”’-connected, and movable contact arms on the con- 
troller cut-out resistance equally in each phase. The amount 
of resistance left in the rotor circuit would depend upon the 
speed required, and it is possible so to proportion it that the 
motor would develop the full-load torque at starting with lit- 
tle more than full-load current. The speed varies auto- 
matically with the torque and horsepower developed by the 
motor, 

Speed Control by Variation a the Number of Motor Poles. 
—The synchronous speed in revolutions per minute of an in- 
duction motor being given by the expression 60 frequency 
+ pairs of poles, it is evident that the speed varies inversely 
as the number of poles. Thus a motor wound for six pairs 
of poles and operating normally at 600 revolutions per minute 
will rotate at a speed of 1,200 revolutions per minute if its 
stator winding be rearranged so as to have three pairs of 
poles. The simplest method of applying this control is to 
employ a stator having two or more windings, corresponding 
to the different number of poles. _ One winding may be used, 
it being arranged for different speeds by means of a commu- 
tator switch, wich alters the grouping of the coils and thus 
the number of poles. A rotor of the squirrel-cage type is the 
only practicable one, because, being short circuited upon itself, 
it is adapted to any number of poles. 

The connections of a multi-speed; motor of this type are 
relatively simple, especially if only two-to-one speed is required 
and the rotor is of the squirrel-cage type. In such instance, 
only six leads are brought out from the machine if it is for 
three-phase circuits. If a three-to-one speed adjustment were 
wanted, three pole groupings would be required and nine leads 
would have to be brought out from the stator. 

The power factor of this type of multi-speed machine is not 
greatly affected by change in the number of poles, though it 
is somewhat higher with the smaller number. The efficiency 
and speed regulation are better with the greater number of 
poles. This method of adjusting the speed of a motor is un- 
doubtedly the most satisfactory as regards efficiency and ex- 
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cellence of speed regulation. High first cost and the necessity 
of disconnecting it from the line to change the speed are the 
only objections. 


SUMMARY. 


In general, motors may be divided into the following 
classes : 

(1) Those not requiring-large starting torque nor variable 
speed, but requiring good speed regulation with change of 
load, 

(2) Those requiring good starting torque, but not requir- 
ing variable speed. 

(3) Those requiring considerable starting torque and a 
speed falling off considerably with increase of load. 

(4) Those requiring variable speed, either large or small 
torque and reversibility. 

The requirements of these classes are fulfilled, respectively, 
by induction motors of the following tubes: 

Class I, by an induction motor with a low-resistance squir- 
rel-cage rotor. 

Class II, by one with a medium to high-resistance squirrel- 
cage rotor. 

Class III, by a motor with polar-wound rotor connected to 
external resistance. 

Class IV, by one of the following ways: 

(a) Variable resistance phase wound rotor, gives variable 
starting torque, and also variation of speed depending upon 
the amount of resistance in circuit with the rotor. 

(b) Variable resistance in circuit with the stator winding 
gives variable speed with small variable starting torque. 

(c) Variable speed with constant torque at each speed is 
obtained by changing the number of motor poles. 

From a consideration of the above summary it will later 
be shown that all of the conditions met with on board ship 
may be satisfactorily fulfilled by the induction motor. in one 
of its various forms. 
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APPLICATION OF ALTERNATING CURRENTS: 
Sa bi 

In proposing an alternating-current installation for a battle=- 
ship it has been attempted to meet, as far as practicable, all 
the requirements of. power and lighting as are now demanded 
by the electrical specifications for vessels of the Navy. 

A voltage of 230, 60-cycle, three-phase, will be used for the 
generators, and 220 volts for the power receivers. This drop 
of voltage between generator and receiver will conform to 
present specifications as regards line drop. 

The use of the higher voltage is in line with good commer- 
cial practice and gives.a saving in, weight and cost of material. 
Any prejudice against. the increased voltage would seem to 
be the result of conservatism on the, part of the service at 
large. Similar voltages have been used..on. naval vessels 
abroad for some years, and this should tend'to allay any fear 
of liability to dangerous shock in the handling of this higher 
potential. It is believed that 230 volts alternating current, will 
not be in the least injurious to the personnel, and the small 
discomfort resulting should be of small weight when com- 
pared with the great advantages to be derived. Besides the 
adoption of a voltage of 220 by several foreign powers, there 
is one instance recorded of the use of 500, volts on a foreign 
merchant vessel, and which resulted in the saving of $33,000.00 
in the first cost of installation. This, however, in view of the 
confined spaces aboard ship and the possibility of leakage, is a 
very high voltage to use, in fact, it seems prohibitive on board 
a man-of-war. 

The electrical system aboard ship is a combined lighting 
and power system, and consequently the same, frequency would 
have to be used for both purposes, . Twenty-five cycles would 
be the best for motors, but such a frequency is too low for 
lighting purposes, so 60 cycles has been chosen, in accordance 
with, the best commercial practice. The heating requirements 
of the naval specifications are much more severe than in regu- 
lar commercial practice, and as a result the greater part of the 
electrical machinery on board ship must be of special design. 
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In proposing the alternating-current system we have en- 
deavored to retain the standard Navy heating requirements 
for all electrical appliances, but in comparing the alternating- 
current system with the present direct-current installation, the 
fact that all alternating-current machinery is of commercial © 
type must be considered. 

In contemplating any alternating-current installation the 
power factor of each individual receiver must be considered 
in order to properly design the size of the wiring and the 
capacity of the generating plant. 

The lighting load may be considered as practically non- 
inductive, as the power factor will average about 96 per cent. 
The motor-load power factor, considering that all motors are 
of the induction type, can be taken to lie somewhere between 
75 and 90 per cent. We have adopted as the power factor 
under battle conditions for the entire plant an average of about 
80 per cent., this being a very conservative estimate and close 
enough for present purposes. 


GENERATING PLANT. 


The generating plant as designed for a modern battleship 
consists of four 300-kilowatt generators, direct-current, multi- 
polar, compound-wound, to run at a constant speed of 1,500 
revolutions per minute, and to deliver 125 volts at the termi- 
nals at rated speed with load varying between no load and one 
and one-third rated load. 

In place of this plant it is proposed to substitute the follow- 
ing turbo-generators: three 500-k.v.a. units, alternating-cur- 
rent, three-phase, sixty-cycle, 3,600 revolutions per’ minute. 
The increased output of the plant is necessary in order to ‘al- 
low for the assumed power factor of .80. : 

For the field excitation of these generators there will be 
required two 45-kilowatt, 125-volt, direct-current, turbo-gen- 
erators. One of these machines is sufficient for the excitation 
of the fields of the three generators at full load, the second 
machine being installed as an emergency precaution. ‘The ex- 
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citers are shunt wound and the field excitation is to be con- 
trolled by a Tirrill regulator so as to obtain constant terminal 
voltage of the main generators. 


COMPARISON OF WEIGHTS AND OF WATER RATES. 


The following table will give a comparison of the weight, 
water rates, etc., of the present direct-current machines and 
the proposed alternating-current installation. 


Direct Current: 
No. of Gens. Capacity. Weight. Water rate. R.P.M. 
+ 1,200 kw. 128,000 Full L. 25.5 1,500 
Half L. 31.0 
Alternating Current: 
1,500 kw. 102,000 Full L. 18.5 3,600 
Half L. 20.25 
Exciter sets: 
90 kw. 16,000 Full L. 33.0 3,600 
Half L. 45.0 


The total saving in weight in favor of the alternating-cur- 


rent installation is 10,000 pounds. 

The economy of operation for the alternating-current in- 
stallation can be worked out as follows: Assuming that the 
full-load excitation requires 15 kilowatts for each main gen- 
erator we have 15 X 33 = 495 pounds of water per hour per 
each main generator; therefore we must add 495 — 500 
pounds of water to the full-load water rate of the main gen- 
erators as given in the preceding table to get the true water 
rate for comparison. 

This factor added to the water rate as given above will 
give an alternating-current water rate of 19.5 pounds per 
k.v.a. hour at full load. If we consider the power factor of 
the proposed system to be .80 the above water rate would have 
to be very slightly increased to compensate for the,.internal 
generator and line losses due to the wattless component of the 
generated current. This increase would be so infinitesimal.as 
to be practically negligible in an alternating-current ship in- 
stallation. 
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On comparison with the direct-current water rate we. find 
a saving of 23.5 per cent. in water consumption over the di- 
rect-current installation. This gain, for the alternating-cur- 
rent installation is due to the increased efficiency of the gene- 
rator and to the greater economy of the high-speed turbine. 


OTHER ADVANTAGES. 


The present direct-current installation requires frequent . 
overhauling of the commutators. In the alternating current 
installation this trouble is eliminated except in the small exciter 
séts. This is an appreciated advantage, as it is a well known 
fact that the failing of the commutator under heavy overloads 
has been the cause of the loss of many generators when their 
services have been most needed. 

Overload conditions of the generator plant are frequent 
aboard ship. These conditions can be handled far more sat- 
isfactorily and with less danger by the alternating-current gen- 
erator than by the present direct-current machine. 

The manipulation of the alternating-current switchboard in 
alternating-current parallel operation requires better training 
and more atterition on part of the personnel, but the units 
themselves require much less attention in operation and up- 
keep. 


SWITCHBOARDS, DISTRIBUTION BOARDS, ETC. 


The specifications for a battleship require a generator 
switchboard in each dynamo‘room for the control of the gen- 
erating units, also two bus-feeder panels. From these panels 
separate lighting and power bus feeders run to distribution 
boards, two in number, one aft to supply the after portion of 
the ship, and the other forward to supply the forward portion 
of the ship.’ The bus feeders'to the distribution boards are so 
arranged that either board may be’ energized from the other. 
These bus feeders are run in wiring passageways beneath the 
protective deck. , 

The present system of distribution will be followed in the 
proposed alternating-current installation. The cost of and the 
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space required by the two systems will be practically the same 
except that, due to the higher voltage and the three-phase al- 
ternating current, all power buses will require much less cop- 
per, although an allowance must be made for operating the 
system with a power factor of .80. 

The number of instruments in the alternating-current in- 
stallation will be greater and the weight in this regard will 
be higher. 


WIRING. 


The present instructions: for battleships. require ‘part of the 
wiring to be in metallic conduit, part to be protected. by me- 
tallic wiring passageways, and part is entirely open and un- 
protected. For the purpose of reducing weights the present 
specifications require as little conduit to be used as possible. 

In the alternating-current installation it is considered neces- 
sary to run all three wires of the cable in the same conduit in 
order to prevent, as far as possible, induction in telephone and 
other interior-communication circuits and to. minimize the 
effect of self inductance. . lf all cable is run in conduit it is 


believed that no trouble whatever will be experienced from 
induction. 


LIGHTING WIRING. 


The present lighting wiring is on the two-wire system oper- 
ating on 125 volts at the distribution boards. In the alternat- 
ing-current system it is the intention to use the same, system 
both as to distribution and as to voltage.. In order to carry 
out this scheme of lighting we propose to use two, three-phase 
transformers on the lighting system to reduce the generator 
voltage down to 125 volts at the distribution boards. . The 
battle-load and cruising-load wiring will be run on the two- 
wire system as at present, but so distributed from the distribu- 
tion boards that approximately one-third of the load will be 
taken by each phase. This will practically balance the light- 
ing load on,the generators; any unbalancing will be very small 
and of no, consequence. 
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It is considered necessary to reduce the voltage for lighting 
purposes from the generated voltage to 125 volts for the rea- 
son that all incandescent lamps of 220 volts are very unreliable 
both as to power and life. With the exception of the addition 
of the transformers the lighting installation will be the same 
as the present direct-current installation. There will be no 
increase in the size of the lighting wires, due to the power 
factor of .80 taken for the entire ship installation, because, as 
before noted, the lighting load is practically non-inductive. 

Recently the tungsten lamp has come into extensive use 
commercially, and recent tests of this lamp on board ship have 
been very satisfactory. This lamp has a much higher effi- 
ciency than the carbon-filament lamp now in use and lasts as 
long. The current consumed by the tungsten lamp is 1.20 
watts per candle against 3.5 watts per candle for the carbon- 
filament lamp. 

Assuming the battle load on the lighting circuits of a battle- 
ship to be 110 kilowatts, it can be readily seen that if the tung- 
sten lamps were used exclusively, this load of 110 kilowatts 
could ‘be reduced to nearly one-third of its present value, 
bringing the lighting load down to about 40 kilowatts. By 
this method we can reduce the size of the present lighting wir- 
ing and consequently the weight and cost in the same ratio. 

From a table of weights and costs of wiring as computed for 
a recent battleship it is found that the weight of copper in the 
lighting system is approximately 10,000 pounds, mains, feed- 
ers and bus bars, costing about $4,500.00. Computing the 
same for the exclusive use of tungsten lamps a very conser- 
vative estimate places the weight of copper at 6,000 pounds 
and the cost at $3,500.00, saving in weight of 4,800 pounds 
and a cost of $1,000.00. 

The lighting system as proposed seems to be more desirable 
for shipboard use for the reason that the lights will be steadier 
at all times due to the better voltage regulation of the alter- 
nating-current generators’ when fitted with the Tirrill regu- 
lator. Considering the economy of operation and the dura- 
bility, one system does not appear to possess any advantages 
over the other when used with the same type of lamp. 
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POWER WIRING. 


In the alternating-current system all power appliances are 
supplied with 220-volt, three-phase, sixty-cycle current. The 
voltage regulation remains the same as in the direct-current 
installation. 

The reactive drop ordinarily encountered in three-phase 
power mains can be assumed to be negligible, due to the fact 
that all power mains will be run in conduit, and that all cir- 
cuits are short and direct. 

The ratio of the weights of copper in the mains of the two 
systems, as the length is constant, will depend upon the square 
of the voltage used. The change from a two-wire direct-cur- 
rent to a three-wire alternating-current system reduces the 
weight and the area of the wiring in the ratio of four to three; 
but to allow for the power factor of .80 we must increase the 
area of the alternating-current wiring in the ratio of 1 to .8 
making a final ratio, considering these three factors, between 
the area of the alternating-current and direct-current wiring 
of .277. The area of the electrical circuit is twice the area 
of each conductor in the case of the direct-current, and three 
times the area in the case of the alternating-current system. 
Thus the factor for conversion from the area of a given direct- 
current conductor is .277 & 2/3 == .185. 

From the table of power wiring, bus bars, feeders and mains 
computed for the new battleships it is found that the weight 
of copper is approximately 25,000 pounds and will cost about 
$10,000.00. If the proposed alternating-current wiring were 
substituted the weight will be reduced to about 10,000 pounds 
and the cost to about $5,000.00, a saving in weight of about 
15,000 pounds, which is sixty per cent. of the weight of the 
present installation, and in cost of ‘about $5,000.00, which: is 
fifty per cent: of the total cost: 


INTERIOR COMMUNICATION WIRING, 


Circuits at present operated with direct current ata voltage 
of 20, supplied by motor-generators, will be operated as at 
present, the power being supplied by induction-motor genera- 
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tors. Circuits now operated at 125 volts, direct current, pow- 
er supplied by main generators, we propose, to.operate with 
alternating current at a voltage of 125, supplied by a small 
transformer from the power circuit of the ship. Circuits now 
operating at 125-volt alternating current will be operated direct 
from the ship’s power mains at a voltage of 220. 

When the proposed system reaches a higher state of de- 
velopment, it will be perfectly feasible to operate all interior- 
communication circuits, excepting the telephone circuit, with 
alternating current; the motor generators at present installed 
would be replaced by small transformers. This change would 
give a saving in weight, cost and space. 

The telephone circuits at present operated on a voltage of 
20 furnished by motor-generators could be more satisfactorily 
operated by duplicate storage batteries, using each alternately, 
which would permit of time for recharging of the batteries. 
A storage battery is more suitable for telephone. work, as it 
operates without scratching of brushes or humming noises 
which are ordinarily transmitted to the telephone receivers. 


The storage batteries could be easily charged direct from the 
ship’s circuit by the use of the mercury arc rectifier. 


WIRELESS: PLANT. 


The wireless installation as at, present designed for battle- 
ships requifes a capacity of from 5 to 10 kilowatts, alternat- 
ing current, single phase, 500 cycles... The alternating-cur- 
rent system,’ as proposed for a: ship’s installation, is of, three- 
phase, 60 ¢ycles, consequently the ship's power mains can not 
be used as a direct source of supply for wireless purposes, In 
the direct-current installation a motor generator, is employed 
to supply the power for the wireless. This, method. of sup- 
plying power must be retained in the alternating-current instal- 
lation with the exception that an induction motor will be used 
for the motor end of the motor generator. 
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SEARCHLIGHTS. 


All searchlights of the Navy are operated on the power cir- 
cuit and require about 125 ampéres at 60 volts, This voltage 
is now obtained by the employment of heavy rheostats cutting 
down the voltage from. 125 to about 60 volts. These rheo- 
stats must be capable of varying the voltage from 60 to 80 
volts, for the satisfactory operation of the lights. A great 
economical advantage would result if the dead resistances in 
the circuit could be dispensed with, as nearly one-half of the 
power supplied to the searchlights is dissipated as heat in the 
resistances. The only way to eliminate this large loss is by the 
use of motor-generators of one type or another which will 
supply the reduced voltage. 

If the present type of direct-current searchlight is to be re- 
tained in the proposed alternating-current system, motor gene- 
rators will have to be employed for supplying the direct cur- 
rent at 80 volts. This method of supplying power to the 
searchlights is employed in the new Argentine battleships now 
building in this country. Of course, there will be an_ in- 
creased cost in installing motor generators, but at the same 
time there must be considered the fact of the greater economy 
of operation combined with better efficiency and service. 

The searchlights use 60 to 80 volts and 125 ampéres each. 
The current supplied being at a voltage of about 120, the dif- 
ference, 40 volts, at 125 ampéres, will equal 5 kilowatts per 
light, making a total dissipation of 80 kilowatts for sixteen 
lights. This loss is quite large, being about seven per cent. of 
the total generator capacity of the ships. 

Alternating-Current Searchlights—In this country there 
has been little or no development of an efficient alternating- 
current searchlight, but this type of searchlight has not only 
been developed in Germany but it has been installed in all of 
the latest battleships of that country. The electrical installa- 
tion of these ships being of the direct-current type, motor gen- 
erators have been installed in order to obtain the alternating 
current for the searchlights. 
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Thus, the alternating-current searchlight is considered in 
Germany to be superior to the direct-current light. There be- 
ing no demand for an alternating-current searchlight in this 
country, naturally there has been little or no investigation 
along this line; but to force the development of such a light 
there is required only an insistent demand for it. 

If the alternating-current installation should ever be placed 
on naval ships it is recommended that alternating-current 
searchlights be installed as being much more economical than 
the direct-current type, since proper voltage could be obtained 
from the power mains by the use of a step-down transformer, 
thus eliminating the motor generators which would be required 
for the direct-current searchlights. 


ELECTRIC HEATING. 


Electric heaters in certain parts of the ship remote from 
steam supply, electric cooking ranges and bake ovens, can be 
operated on alternating current with as good as if not better 
efficiency than on direct current. 

The power required for electric heating and cooking will 
range between 375 and 400 kilowatts. 


MOTORS ABOARD SHIP. 


A selection of one of the types of induction motor, pre- 
viously described, will now be made to fulfil the operating re- 
quirements of each motor unit of a battleship installation. 
The induction motors proposed are such as will meet the pres- 
ent requirements of the specifications for induction motors for 
navy yard service. The heating requirements, efficiency. rat- 
ing, etc., are similar to the requirements for direct-current ma- 
chines now installed. , 


TURRET—TURNING MOTORS, 


The method of control best adapted to fulfil the require- - 
ments for these motors is a special mechanical gear manufac- 
tured by the Waterbury Tool Company, and which is operated 
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by a continuously running constant-speed motor. The ordi- 
nary induction motor with a low-resistance squirrel-cage rotor 
is admirably adapted for this purpose. The direct-current 
specifications call for a motor totally enclosed for this use on 
account of the danger of sparks from the commutator. With 
the induction motor all danger of sparks is eliminated, and 
when the location of the motors is considered, it may be seen 
that they may be left entirely open in perfect safety. 

The proposed alternating-current motors are of 35 horse- 
power, low-resistance squirrel-cage rotor, induction. type, 
wound for 220 volts, 600 revolutions per minute, and of 90 
per cent. efficiency and power factor .90 at normal rated load, 
slip 5 per cent. The saving in weight in these motors for a 
battleship would amount to about 9,000 pounds. 


BOAT—CRANE MOTORS. 


Requirements.—There are two boat cranes, of a capacity of 
about twenty tons each, specified for each battleship. At full 
load each crane must hoist its load at a maximum speed of 
twenty feet per minute, and upon removal of the load the 
empty hook must be hoisted or lowered at two and one-half 
times the full-load hoisting speed. The maximum lowering 
of the working load must not be more than twice that of the 
hoisting speed under load. The motors, two in number, one 
for hoisting and one for rotation, must be totally enclosed and 
watertight, and be capable of standing an overload of fifty per 
cent. for five minutes, and one hundred per cent. for one min- 
ute. The crane must be capable of revolving at the rate of 
one complete revolution per minute. Both motors to be pro- 
vided with separate mechanical and electrical brakes. The 
direct-current motors now installed are of forty horsepower 
for hoisting and of thirty horsepower for rotation. 

The selection of a suitable alternating-current motor for 
hoist duties presents complications, but there are two types 
of induction motor which will fulfil the requirements satisfac- 
torily, namely: a polar-wound rotor type of induction motor, 
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or a squirrel-cage rotor type of induction motor with pole- 
changing connections to the stator giving the different speeds 
required for operating the crane hook loaded and unloaded. 
The alternating-current motor proposed will be of the pole- 
changing type; this type will give the greatest efficiency at the 
different speeds. 

The direct-current motors at present installed for hoisting 
are of forty horsepower, 120 volts, 410 revolutions per min- 
ute, totally enclosed, and have an efficiency of about 89 per 
cent. at normal rated load. The direct-current rotating mo- 
tors are of thirty horsepower, 120 volts, 500 revolutions per 
minute, and have an efficiency at normal rated load of about 
86 per cent. 

The alternating-current motors proposed are as follows: 
For hoisting, a squirrel-cage-rotor induction motor of forty 
horsepower, 450 revolutions per minute, 220 volts totally en- 
closed, with an efficiency of about 88 per cent. and power 
factor .75 at normal rated load, and slip 10 per cent. For ro- 
tation, a squirrel-cage-rotor induction motor of thirty horse- 


power, 600 revolutions per minute, totally enclosed, 220 volts, 
efficiency 87 per cent. and power factor .74 at normal rated 
load, slip 6 per cent. 

The total weight—motors, brakes and control apparatus— 
for each crane will be about the same in each installation. 


DECK—WINCH MOTORS. 


. Requirements.—Motors to be compound wound, reversible, 
enclosed and watertight, and of at least the horsepower re- 
quired. Windings of motor fields to be such that with no load 
on the motors the speed will not exceed the full-load speed 
by more than one hundred per cent. at the rated voltage. 
Motors to stand fifty per cent. overload for five minutes and 
a hundred per cent. for one minute. The direct-current mo- 
tors installed to meet these requirements are of thirty-five 
horsepower, 350 revolutions, 120 volts, totally enclosed, and 
of an efficiency at normal load of 86 per cent. 
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The alternating-current motors proposed are of ‘thirty-five 
horsepower, polar-wound rotors, connected through slip rings 
to external variable resistance, induction type, 600 revolu- 
tions per minute, totally enclosed, efficiency at full load'86 per 
cent. power factor .81, 

The weights of both installations will be about the same. 

The .alternating-current installation will give equally as 
good results as the present direct-current installation. ‘The 
increase “in speed of the alternating-current motors is taken 
care of by changing the present ratio of the gearing of the 
winches, the low speed of the present direct-current motors 
not being suitable for the alternating-current motors. 


MOTORS FOR TURNING OVER THE MAIN. ENGINES OR TURBINES. 


Requirements.—Motors to be compound wound, reversible, 
totally enclosed, with a speed adjustment of not less‘ than two 
to one. Motors to be of not less than the required horse- 
power, and must stand an overload of fifty per cent. for five 


minutes and a hundred per cent. for one minute. The direct- 
current motors now in use to meet the above requirements, for 
turbine battleships, are of five horsepower, totally enclosed, 
compound wound, 500 revolutions per minute, and of an effi- 
ciency of about 75 per cent. 

The proposed alternating-current installation consists of 
five-horsepower motors, squirrel-cage rotors, induction type, 
totally enclosed, 220 volts, and to have connections for chang- 
ing the number of poles from 16 to 8 in order to obtain the 
desired speed change; efficiency about 83 per cent. and power 
factor .75 at normal load, slip 10 per cent. 

The weight of the apparatus would be about the same in 
both cases. 


TURRET—HOIST MOTORS. 


Requirements.—Motors to be wound in accordance with the 
system of control used, to. be totally enclosed and watertight. 
reversible and of a speed and horsepower required; and when 
required, to be fitted with an automatic brake, . 


8 
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The alternating-current motors proposed are of ten and 
forty horsepower respectively, squirrel-cage rotor, induction 
type, 220 volts, and of an efficiency of 85 per cent. for the 
lower and 90 per cent. for the upper hoists, and power factor 
.85 and .89 at normal load; slip 6 and 9 per cent. There be- 
ing no danger of sparks from the induction motor they will 
be of the open type. The saving in weight of each set of mo- 
tors and control apparatus will be about 550 pounds; and as 
there are ten hoists in a ship the total saving in weight will 
be 5,500 pounds. 

’ AIR-COMPRESSOR MOTORS. 


Requirements.—The specifications call for direct-connected 
motors to a four-stage air compressor with a continuous run- 
ning speed of 375 revolutions per minute. 

The present direct-current installation is equipped with a 
fifty-five horsepower, compound-wound motor, semi-enclosed, 
120 volts, 340 to 410 revolutions per minute, and of an effi- 
ciency of 89 per cent. at normal rated load. The proposed 


alternating-current motor to replace the above is an open motor 
of fifty-five horsepower, 220 volts, squirrel-cage rotor, induc- 
tion type, of 400 revolutions per minute, with variable re- 
sistance or auto-transformer in circuit with the primary which 
will give the slight variations of speed required. The effi- 
ciency will be about 90 per cent. and the power factor .91 at 
normal rated load, slip 6 per cent. 

The saving in weight in favor of the alternating-current ap- 
paratus will be about 600 pounds. 


GUN—ELEVATING MOTORS. 


The ordinary squirrel-cage rotor, induction-type motor, is 
best suited to meet the requirements for gun elevating. The 
direct-current specifications call for totally enclosed motors, 
but open alternating-current motors will be substituted, as 
there is no danger from sparks with the induction motor. 

The alternating-current motors proposed are of fifteen 
horsepower, 600 revolutions per minute, 220 volts, open mo- 
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tors, efficiency 87 per cent., power factor .89 at normal full 
load. The total saving in weight for motors and control ap- 


paratus in favor of the alternating-current installation is about 
4,000 pounds. 


FORCED—DRAFT BLOWERS. 


Requirements—Each motor shall be totally enclosed, shunt 
wound, and direct connected to the fan. The speed must be 
capable of reduction by field regulation in at least equal dec- 
remants down to twenty per cent, below maximum rated speed. 

The direct-current motors at present installed are of thirty- 
five horsepower, 120 volts, totally enclosed, 610 to 770 revo- 
lutions per minute, and have an efficiency at normal rated load 
of 88 per cent. The alternating current motors proposed are 
of thirty-five horsepower, polar-wound rotor, induction. type. 
The rotor is connected in circuit with variable external re- 
sistance in order to obtain the required variation of speed. 
Motors to be wound for 220 volts, 770 revolutions per min- 
ute, totally enclosed, with an efficiency of 87 per cent., and 
power: factor .82 at normal rated load. The weight of each 
installation will be about the same. 

In place of the above alternating-current motors we could 
use a motor with squirrel-cage rotor with variable resistance 
or an auto-transformer in circuit with the primary, which 
would give variable applied voltage to the stator and, conse- 
quently, the small variations of speed required. The second 
suggestion is more economical than the first as regards power 
consumption at less than normal load. 


. 


RAM MER MOTORS. 


The alternating-current motors proposed will be a .ten- 
horsepower, polar-wound rotor, induction motor. The rotor 
circuit is connected to external resistance through slip rings 
in order to obtain the necessary speed regulation, Motors 
to be wound for 220 volts, 900 revolutions per minute, totally 
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enclosed, efficiency 81 per cent., power factor, 72 at normal 
rated load. 


The weights of both installations will be approximately 
equal. 


FRESH—WATER AND SANITARY—PUMP MOTORS. 


Requirements—Each motor is to be compound wound, 
open or semi-enclosed, depending upon the location of the mo- 
tor, and of at least the horsepower required. Motors to stand 
fifty per cent. overload for one hour without injury to the 
windings. No speed regulation is required. 

We can readily substitute for the direct-current motor at 
present in use a constant-speed squirrel-cage rotor, induction 
motor, which is admirably adapted for this duty. It may be 
left entirely open, and if installed in a damp place the wind- 
ings may be made moist proof at a slight increase in cost. 
Motors for this purpose are from three to ten horsepower. 
The efficiency of the ordinary direct-current motors employed 
under this head vary from 74 to 80 per cent. The proposed 
alternating-current motors, if of the open type, will be more 
efficient, efficiency varying between 80 and 85 per cent. 


LAUNDRY AND GALLEY MOTORS. 


The requirements of the motors under this head are similar 
to those mentioned above, except that they are shunt wound 
instead of compound wound. Being constant-speed motors, 
all of the remarks made above apply equally here. 


FIVE-INCH AMMUNITION—HOIST MOTORS. 


The alternating-current motor proposed is a three-horse- 
power, totally enclosed, with polar-wound rotor connected 
through slip rings to external variable resistance. 

A change of two or three speeds is considered necessary, 
‘consequently we propose to use a squirrel-cage rotor, induc- 
tion-type motor, with connections for changing the number of 
poles, thereby obtaining the necessary variations in speed. 
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This motor will be of three horsepower, 600 revolutions per 
minute, 220. volts, and of an efficiency of 83 per cent., and 
power factor .86 at normal rated load, slip 8 per cent. The 
alternating-current motor in the last case to be of the open 
type, there being no commutator or brushes the necessity of 
guarding against sparking is eliminated. 

The totally-enclosed alternating-current motor is less effi- 
cient than the open one, and the power factor is correspond- 
ingly low at light loads. 

The decrease in weight in favor of the alternating-current 
motor would be approximately 5,000 pounds. The electric 
brakes will be of the usual solenoid type. 


AMMUNITION CONVEYORS. 


The requirements for the ammunition conveyors are simi- 
lar to those of the five-inch hoists, excepting that no brake is 
required. 

The alternating-current motor proposed is a four-horse- 
power, squirrel-cage rotor induction type, 600 revolutions per 
minute, 220 volts, with pole-changing connections for vary- 
ing the speed. Efficiency of 82 per cent., power factor .83, 
slip 9 per cent. 


VENTILATING-SET MOTORS. 


Requirements.—Motors to be shunt wound, direct-con- 
nected to the fan, and to have a small speed variation by means 
of field control, to be enclosed or semi-enclosed, depending 
upon the location. 

The direct-current sets range in horsepower from one and 
one-half to eight horsepower, depending upon the size of the 
fan. The following is an example of one set: Motors three 
horsepower, open, 120 volts, 615 to 810 revolutions, efficiency 
at normal rated load 83 per cent. 

As a substitute it is proposed to install an alternating-cur- 
rent open motor of three horsepower, 220 volts, with pole- 
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changing connections for two speeds; efficiency at normal 
rated load 86 per cent., power factor .77, slip 5 per cent. All 
motors to have squirrel-cage rotors of low resistance. The 
motors of all other sets would have characteristics similar to 
these. 

The total saving in weight in favor of the alternating-cur- 


rent installation for ventilating-blower motors would be about 
10,000 pounds. 


POWER-—DOOR AND HATCH MOTORS. 


Requirements.—Motors to be shunt or compound wound, 
reversible, and totally enclosed. The horsepower of the mo- 
tor depending upon the weight and type of the door or hatch. 
There are two speeds required, one of about 600 revolutions 
per minute for closing, and the other of about 800 revolutions 
per minute for opening. 

The alternating-current motors with squirrel-cage rotor, in- 
duction type, with connections for pole changing for two 


speeds, will fulfil all requirements. The rotor to be of high 
resistance which will produce a slip of about ten per cent, 
thereby giving sufficiently large starting torque. 


MOTOR GENERATORS. 


The motor generator being a constant-speed machine we 
can immediately adapt the squirrel-cage-rotor type of induc- 
tion motor with slow-resistance secondary. This type of in- 
duction motor is inherently a constant-speed machine, and is 
most admirably adapted for the motor ends of motor gene- 
rators. By the employment of the induction motor all motor 
generators will be reduced in weight by about twenty per cent. 


CAPSTAN MOTORS. 


Requirements.—Motors to be compound wound, reversible, 
open type, and of the speed and at least the horsepower out- 
put required. ‘There are five different speeds required in each 
direction, and the motor is to be fitted with an efficient elec- 
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tric brake. The present direct-current motor installed is of 
forty horsepower, 120 volts, 550 revolutions per minute, and of 
an efficiency at normal rated load of 89 per cent. The pro- 
posed alternating-current motor for this duty will be of the 
polar-wound rotor, induction type, 600 revolutions per min- 
ute, 220 volts, open type, efficiency 90 per cent. and power fac- 
tor .89 at normal rated load. The motor will be geared to the 
capstan in accordance with present practice. 

There are several other applications of motors for power 
purposes aboard ship, such as portable ventilating sets, ma- 
chine-shop tools, etc., all of which can be successfully operated 
by alternating-current motors. 

From a consideration of the foregoing description of mo- 
tors and their duties, it would appear that the induction motor 
in some one of its forms will fulfil the various requirements 
now demanded of the direct-current motor. In all cases where 
a constant speed is used the induction motor will be found to 
be superior to any direct-current motor, the speed of the in- 
duction motor being practically constant under varying load. 

The constant-speed motor can be used for the following 
purposes aboard ship: 


All motor generators. Laundry motors. 
Turret-gun elevating motors. Galley motors. 
Turret-turning motors. Sanitary-pump motors. 
Turret-hoist motors. Fresh-water pump motors. 


In cases where wide variations in speed, not more than four 
in number, are required, the multi-speed type of the induction 
motor (speeds obtained by changing the number of motor 
poles) is superior to the direct-current motors, because: at 
each speed the motor is running near its synchronous speed 
and has the characteristics of a motor of similar synchronous 
winding. | ; 

This type of induction motor can be used in the following 
cases : 
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Ventilating-blower motors. Five-inch ammunition-hoist 
Turbine-jacking motors. motors. 


Crane-hoisting motors. Ammunition-conveyor motors. 


Crane-rotating motors. Long-arm system motors. 
Machine-tool motors. 


In case many changes of speed are required, the induction 
motor with polar-wound rotor, or the induction motor with a 
variable resistance, or auto-transformer in circuit with the 
primary, may be used; the former method is preferable where 
the motor has to start under load and the latter where small 
starting torque is required. These forms of motor are only 
applied to more or less intermittent-duty motors, as the fol- 
lowing list will show: 


Crane-hoist motors. Air-compressor motors. 
Deck-winch motors. Capstan motors. 


Rammer motors. Forced-draft blowers. 


Where any of the motors in the preceding list do not re- 
quire large starting torque, such as forced-draft blowers, the 
slight variations of speed required can be obtained by the 
second method described, the motors in this case having rotors 
of the squirrel-cage type. This method gives fairly good 
speed control but at the expense of starting torque. 

The great advantage of the alternating-current motor lies 
in its reliability. The absence of a commutator makes the 
machine very much more simple, requiring less care in opera- 
tion, with attendant less repairs, which, naturally, will add to 
the length of service to be rendered by the machine. The 
average weight of the alternating-current induction motor is 
from twenty to twenty-five per cent. less than the weight of 
the direct-current motor; this is quite a factor in its favor 
when the question of weight in modern ship construction is 
receiving such prominent attention from. shipbuilders. The 
difference in cost between induction motor and the present 
direct-current motor will be in favor.of the alternating-cur- 
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rent motor, but this fact will have little influence, as this dif- 
ference will be small when compared with the total cost of a 
ship. 


SUMMARY. 


In concluding it may be said that the alternating-current 
system on a battleship presents the following advantages over 
the present direct-current system : 

1. Gfeater reliability. 
2. Decreased weight, approximately 25 per cent. in the 
case of a battleship. 
3. Increased economy of operation of generators,—about 
28 per cent. 
. Higher efficiency of generators and motors,—3 to 5 
per cent. 
. Decreased first cost,—about 20 per cent. 
. Decreased cost of maintenance. 
. Better voltage regulation. 


. Generators capable of handling overloads with greater 
safety. 

. Longer life of generators and power units. 

. Less attendance required. 

. Absence of electrolysis. 





RADIO-TELEGRAPHIC LABORATORY. 


THE WORK OF THE U. S. NAVAL RADIO-TELE- 
GRAPHIC LABORATORY. 


By L. W. AvusTIN, PH. D., ASSOCIATE. 


In the spring of 1908 a suggestion was made to Commander 
Davis and Lieut. Commander Sweet, then in charge of the 
wireless work under the Bureau of Equipment, that it would 
be desirable for the Navy Department to have a laboratory 
for the investigation of various problems in wireless teleg- 
raphy. As soon as it was learned that such a laboratory was 
contemplated, Professor S. W. Stratton, Director of the Bu- 
reau of Standards, kindly offered to place at the disposal of 
the Navy Department quarters for the new enterprise and to 
aid it with a portion of the required laboratory apparatus and 
the use of some of the general equipment of his Bureau. Ar- 
rangements for beginning the new work were completed in 
the course of the summer and work was actually begun early 
in the autumn. While the Bureau of Standards has been the 
headquarters of the laboratory, much of the work, from its 
nature, has had to be done outside, in wireless stations under 
the control of the Department and on the ships of the Navy. 

The problems presented to the laboratory extended over a 
wide field, as up to this time the art of wireless telegraphy 
had in America been largely developed without any very exact 
quantitative knowledge of the factors involved. Wave 
length, capacity and inductance were the only quantities or- 
dinarily measured. The high-frequency currents, above the 
range of the ordinary 6-ampére hot-wire meters, were usually 
measured by means of unknown shunts which gave practically 
no clue to their actual values. As for the energy losses in the 
inductances, condensers, spark gaps, etc., no quantitative meas- 
urements were for the most part even attempted. In receiv- 
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ing, a few measurements had been made of the antenna cur- 
rent at short range, while for the greater distances the relative 
intensity of the received energy was measured by the Fessen- 
den Company by means of the shunted telephone method, a 
method which up to very recent times has apparently been 
viewed with great distrust by other workers. From this it 
will be seen that no quantitative knowledge of the efficiency 
of sending sets was possible nor was there any well defined 
conception of the laws relating the energy sent out from the 
sending antenna and that received at the receiving antenna, 
beyond a distance of a few miles. 

In Europe things were slightly better, the energy losses in 
high-frequency circuits’ were in some cases measured with 
more or less accuracy by means of observations on the logarith- 
mic decrement of the circuits, while Duddell and Taylor, in 
England, and Tissot, in France, had made actual measure- 
ments of the current in receiving antennas up to a distance of 
about 50 miles. 

In what follows I intend to review briefly the general na- 
ture of the work which has been carried on during the last 
three years in connection with the laboratory, and then give 
brief abstracts of some of the more important publications 
which have béen issued by the laboratory. 

During the first year there was but one assistant for the 
work, Mr. Clark, the sub-inspector of wireless stations, who 
gave as much of his time as could be spared from his other 
duties. Since that time a number of chief electricians have 
been detailed as assistants at different times for longer or 
shorter periods, while some others have been sent to the labor- 
atory for instruction for special duty in connection with wire- 
less. With the exception of Mr. Clark, none of these men 
had technical training fitting them to be laboratory assistants, 
so that it was necessary in each instance to give much instruc- 
tion before they were capable of being of use. If it had been 
considered feasible to have obtained civilian assistants with 
university education the work would undoubtedly have gone 
much more rapidly. As it is; however, some of the enlisted 
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men, have shown great aptitude for the work and under direc- 
tion have proved efficient assistants. 

The first work undertaken, September, 1908, was the inves- 
tigation of some Poulsen wireless telephone sets recently pur- 
chased by the Government, one of which was installed at the 
Washington Navy Yard. The electric waves in this set were 
produced by an are formed in alcohol vapor, the current being 
supplied from a 500-volt direct-current generator. Fair re- 
sults were obtained, conversation being distinctly heard at 
times over distances up to 40 miles. The conclusions reached, 
however, were that the set required more skilled attention than 
would be easily available on shipboard, and that, with its sep- 
arate motor generator and somewhat bulky apparatus, it would 
take up too much space to be used as an auxiliary in the ordi- 
nary wireless room. 

After the conclusion of this test work was taken up at the 
laboratory at the Bureau of Standards. The most important 
problems which presented themselves at the beginning had to 
do with the development of methods of exact measurement 
of the various quantities involved in wireless telegraphy. <A 
few of these we were able to borrow from European practice, 
while many others we have had to develop for ourselves. 

Among the methods of measurement which had to be de- 
vised during the first year of the work were those for the de- 
termination of the current in the receiving antenna in the case 
of signals too weak: to be detected quantitatively by the older 
methods, the determination of the sensitiveness of telephones 
and detectors, the comparative efficiency of receiving sets, and 
the determination. of antenna resistance. These problems 
were all solved more or less satisfactorily, Mr. Clark assist- 
ing in the work and makng many valuable suggestions. 

During this year, in addition ‘to the development of meth- 
ods of measurement, a systematic study was made of the cur- 
rent distribution in coupled receiving circuits under different 
conditions of damping of the incoming waves. This work 
led to interesting results concerning the energy relations be- 
tween the two circuits and showed especially the necessity of 





RADIO-TELEGRAPHIC LABORATORY. 125 
a variable coupling between them without which neither the 
full loudness of the signal could be obtained under varying 
conditions, nor was it possible to get satisfactory sharpness 
of tuning. 

Early in 1909, a contract had: been given to the National 
Electric Signaling Co. to equip with apparatus the 100-kw. 
high-power station about to be erected in the neighborhood of 
Washington (Arlington Station). This apparatus was in- 
stalled at the large station belonging to the company at Brant 
Rock, Mass., and during the late summer and autumn of 1909 
preliminary measurements on the constants and efficiency of 
the set were carried on at that place. Some determinations 
were also made of the intensity of the signals sent out by this 
apparatus at the wireless station of the Washington Navy 
Yard. It was hoped that in this way some estimate could be 
made of the range of the new high-power station. 

In December of 1909 and the early spring of the following 
year, experiments were carried on between the Brant Rock 
station and the scout cruisers Birmingham and Salem, which 
were fitted with Fessenden apparatus, for a further test of the 
100-kw. set. During this time, at the laboratory a systematic 
study of the high-frequency resistance of antenna wire, send- 
ing condensers, and sending and receiving inductances, was 
taken up. This, with the testing of various special pieces of 
apparatus, occupied the time until July 1, 1910, when the most 
important piece of work thus far engaged in by the laboratory 
was begun. It had been arranged that the final test between 
the sets of the scout cruisers and between the cruisers and 
Brant Rock should take place at this time, and this gave us an 
opportunity to make a quantitative study of the relation be- 
tween sending and receiving antenna currents up to a distance 
of about one thousand miles. The results of these observa- 
tions more than fulfilled our hopes and showed clearly that, 
during the day time, at least, perfectly definite laws control 
the strength of the received signals. 

After the close of these tests it was thought ‘desirable to ver- 
ify the laws already discovered, for smaller vessels and shorter 
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wave lengths. For this work the torpedo boats Bailey and 
Stringham were detailed, and the observations amply verified 
the general truth of the laws discovered in the Brant Rock 
test. These and succeeding tests with the same vessels showed 
also how much can be done even with mediocre apparatus 
when properly handled. With old type 120-cycle, 2-kw. sets 
and with masts having an average height above the water of 
only 37 feet, signals were successfully exchanged at a dis- 
tance of 155 miles. Raising the antennas to a height of 
65 feet extended this distance to 250 miles. It is confidently 
expected that with their new 500-cycle sets giving 14 or 15 
ampéres in the antenna, 350 miles will be reached. 

During the past year work on the losses in various parts of 
sending and receiving circuits has been continued, especially 
interesting results having been obtained regarding the high- 
frequency resistance of antennas at various wave lengths. In 
addition to this many comparisons have been made of the 
efficiency of different types of spark circuits and a study is be- 
ing carried on of the value of musical quality in the sparks of 
the sending station. 

The quantitative results obtained in the various lines of 
work have in many cases led to interesting theoretical con- 
clusions, and these have in general shown that the sending and 
receiving circuits used in wireless telegraphy conform in their 
action to the mathematical theories given by Hertz and his 
successors, and, with the exception of the absorption of the 
waves in passing from one station to another, involve no new 
or untried mathematical principles such as have often been 
conceived by the practical workers in radio-telegraphy. 

It is hoped that in the future the work of the laboratory will 
be greatly enlarged, a portion of it being still carried on at 
the Bureau of Standards and a portion at the Arlington sta- 
tion; while, as soon as more high-power stations are erected, 
extensive experiments must be carried out on the transmission 
of signals over greater ranges than have hitherto been studied. 
Having given a general account of the activities of the labor- 
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atory, it will perhaps be of interest to consider particularly 
some of the more important work which has been done. 


MEASUREMENT OF ELECTRICAL OSCILLATIONS IN THE RECEIV- 
ING ANTENNA. 


From the very beginning it was felt that the progress of 
radio-telegraphy was greatly hampered by the lack of the 
means for quantitative measurements of the energy at the re- 
ceiving station. Various methods were experimented with, 
and finally the following arrangement was adopted as most 
satisfactory and accurate. The connections are shown in Fig. 
1. A, E is the receiving antenna, L,, L4, K, D is an ordinary 





coupled receiver with variable coupling between the primary 
and secondary. D is a perikon detector to which is attached 
a sensitive galvanometer G, instead of the telephones. Special 
experiments showed that the deflections of the galvanometer 
attached to the detector are proportional to the oscillatory 
energy passing through the detector, and also proportional to 
the square of the current in the antenna A, E. In order to 
calibrate the deflections of the galvanometer G, in terms. of 
the oscillatory current in the antenna, it was necessary to in- 





128 RADIO-TELEGRAPHIC LABORATORY. 


sert a very sensitive thermoelement, Th, in the antenna 
ground. When the high-frequency currents pass through the 
thermoelement it becomes heated and produces a current in 
the galvanometer G,. This heating is proportional to the 
square of the antenna current, therefore the deflection in G, 
will be proportional to, that in Gj, so if the thermoelement is 
already calibrated so that its galvanometer deflections can be 
reduced to microampéres, we have at once a method of cali- 
brating the detector D with its galvanometer. For the arti- 
ficial excitation of the antenna a tuned buzzer circuit L, C, 
was added to the apparatus. The action of this buzzer cir- 
cuit is exceedingly interesting; the current from the storage 
battery S flows through the buzzer and through the induc- 
tance L, across which the variable air condenser, C, of 0.005 
microfarad capacity is bridged. At the moment before the 
buzzer breaks the circuit a certain amount of electromagnetic 
energy resides in the inductance L,. When the circuit is 
broken this energy charges the condenser, and as this portion 
of the circuit is now cut off from the other, the charge con- 
tinues to oscillate from C, back and forth through L, in the 
form of very feebly damped waves. The exact degree of 
damping can be regulated by means of the resistance R so that 
the action on the antenna can be made to simulate any desired 
type of sending station. 

The method of observation is as follows: With the circuits 
connected as shown in the figure, the antenna is tuned to the 
incoming signals, which for purposes of measurement should 
preferably be long dashes, and the coupling between L, and Ly, 
adjusted so that the galvanometer attached to the perikon 
gives a maximum deflection. When the signals have ceased, 
the buzzer-exciter circuit L, C, is adjusted to resonance with 
the antenna circuit and coupled to it just closely enough so 
that a readable deflection is produced on the thermoelement 
galvanometer, while a large deflection is produced on the gal- 
vanometer attached to the perikon. The ratio of these de- 
flections enables us at once to calculate the number of micro- 
amperes flowing in the antenna corresponding to any given 
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deflection of the galvanometer, assuming that the deflections 
are proportional to the square of the current. Still greater 
accuracy may be obtained by adjusting the exciter circuit used 
in the comparison of the thermoelement and perikon to the 
same decrement as that of the sending station. If the effec- 
tive resistance of the receiving circuit as a whole be known, 
the amount of the received energy can be calculated, thus 
giving an opportunity for experimental determination of the 
ratio of radiated and received energy under different circum- 
stances and at different distances. 

The galvanometer used with the perikon is considerably 
more sensitive than any telephone, for long dashes it gives 
about 3 millimeters deflection for the weakest signals audible 
in the best telephones in the laboratory. This makes it pos- 
sible to make measurements with fair accuracy on any signals 
which are detectable with the ordinary receiving apparatus. 

In the following table are given the data of a number of 
measurements of signals received from various stations. 


Table I. 
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sea) 1,000 115 540 -3| 38 
Washington (Navy Yard).. 900} . Read directly 25 
on thermo- 
element. 
































I mm. on thermo-element galvanometer—213.10-6 amp. A.C. 


The table is self explanatory. The higher land absorption 
is well shown in the cases of the Salem and the Birmingham. 
With the sartie power and approximately the same amount of 


9 
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energy radiated, the Birmingham. delivered more energy at the 
receiving station at a distance of 300 miles than the Salem 
at 185, the path of the Salem’s radiation being all the way 
overland, while ‘the Birmingham’s was for more than two- 
thirds of the way oversea. 

The Birmingham’s radiated energy may be calculated as 
follows: The height of the flat-top antenna was approximately 


40 meters and the wave length, 1,000 meters; from the Hertz 
radiation formula 


2 
R= 1,600 * = 2.57 ohms, 


The antenna current was 33 amperes. 
The radiated energy 


E = 33 X 2.57 = 2.810° Watts. 
The ratio of received to radiated energy 


as .10°° 


3 
2 2a 
‘ 2.8 .10° 


= 1.30 .10-” 


For stronger signals the received energy may, of course, be 
measured directly on the thermoelement in the antenna, the 
perikon circuit being removed or coupled so loosely that no 
appreciable energy is taken up. 


QUANTITATIVE EXPERIMENTS IN LONG-DISTANCE RADIO- 
TELEGRAPHY. 


As has been already mentioned, the tests of the Fessenden 
apparatus at Brant Rock and on the scout cruisers Birming- 
ham and Salem gave an opportunity to investigate experimen- 
tally the relation between the currents in sending and receiv- 
ing antennas at distances greater than had hitherto been 
attempted. 

The Brant Rock station developed 60 kw. Its antenna was 
an umbrella 420 feet high at top and about 170 feet at bot- 
tom, with a capacity of 0.0073 microfarad. The scouts’ sets 
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were of 10 kw. and their antennas were flat-topped, 130 feet 
high, with a capacity of 0.0018 microfarad. During a part 
of the test this was increased to 0,0025 by extensions slanting 
dlownwards fore and aft of the regular antenna. ‘The chief 
wave lengths used were 1,000 meters and 3,750 meters on the 
ships, and 1,500 meters and 3,750 meters at Brant Rock. 

In the July, 1910, test, which was considered the most re- 
liable, the measurements were carried on up to nearly 900 
nautical miles between the ships and to about 1,200 miles be- 
tween Brant Rock and the Birmingham. 

The receiving measurements for the shorter distances were 
made in part by means of thermoelements in the antenna. At 
the greater distances the method of telephone shunt readings 
in connection with the electrolytic detector was used, the value 
of the received antenna current being derived from the shunt 
reading by means of comparison readings taken on a thermo- 
element in the antenna at the shorter distances. 

On account of heavy atmospheric disturbances, but few 
measurements could be taken with the perikon detector and 
galvanometer. 


Table 11.—‘‘ BIRMINGHAM”? RECEIVED AT BRANT ROCK, JULY. 
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The course of the ships during the July test is shown on 
the map of Fig. 2. As an example of the observations made 
Table 2 is given, showing the received currents at Brant Rock 
when the Birmingham was sending from various distances at 
the two wave lengths 1,000 meters and 3,750 meters. The 
observed values in the table were taken from the smoothed 
curve of observation, while the calculated values were taken 
from the equation 

. ad 


Ty= ye Va. EMER es 

I, represents the received antenna current, 4 the wave 
length, and d the distance in kilometers. K and @ are con- 
stants while e is the base of the natural logarithms. This 
equation shows that the electrical waves decrease in intensity 
in proportion to the distance, as found by Duddell and Taylor. 
In addition they are subject to an absorption which varies with 
the wave length and which may be expressed mathematically 
by the terme ~ 7. 

This is true in general for day transmission. The absorp- 
tion at night was found to be entirely irregular, varying from 
zero to the day value, but is less during the winter than in 
summer. The great variations in night absorption make use- 
less all attempts to judge the quality of wireless apparatus 
from night distances. The extraordinary distances of wire- 
less communication sometimes mentioned in the daily papers 
are probably due to a reflection of the waves from the con- 
ducting layers of the upper atmosphere. The conditions 
which produce this reflection are too erratic and infrequent to 
be counted on for purposes of communication. It was ob- 
served during the experiments that variations occur also dur- 
ing the day time, but these, except in rare instances, are small. 

In Tables III and IV the records of the signals exchanged 
between the Salem and Birmingham are given, while Fig. 3 
represents graphically the received antenna currents at Brant 
Rock when the Birmingham was sending at a wave length of 
1,000 meters. This shows the irregularity of the night sig- 
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nals and also indicates the large value of the absorption at the 
greater distances, the dotted line indicating the current that 
should have been received if the absorption had been zero. 
In addition to the measurements already mentioned, sub- 
sidiary observations were made between Brant Rock and a 
small station eleven miles away on the effect of the height 
of a flat-top antenna on sending and receiving, and also on 
the effect of wave length. It was found that the received an- 


Table IIl.—‘‘SaLeM’’ RECEIVED ON || Table I1V.—‘‘ BinMINGHAM”’ RECEIVED 
‘* BIRMINGHAM,” JULY. 


| 
| 
| 
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555 _| 
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tenna currents are proportional to the product of the heights 
of the sending and receiving antennas, and inversely propor- 
tional to the wave length, provided the antenna resistances 
remain constant. How important the effect of antenna height 
is may be judged when it is remembered that the strength of 
the received signal varies with the square of the received an- 
tenna current. It will therefore be proportional to the square 
of the product of the sending and receiving antenna heights. 

Taking account of the influence of antenna height and, wave 
length, equation (1) may be extended and a general day trans- 
mission formula written as follows 
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ck a 


where /4, h, are the antenna heights, Js the sending antenna - 
current, and the other symbols have the significations already 
given. ‘The currents are given in ampéres, and all lengths in 
kilometers. From this it would appear that it is advisable to 
rate stations according to the magnitude of the antenna cur- 


rent, or, perhaps better, according to the product of the cur- 
rent into the height. 
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As has been already mentioned, after the close of the Brant 
Rock tests, experiments were made on the torpedo boats 
Bailey and Stringham, in order that the accuracy of the for- 
mula might be tested for small antennas and short wave 
lengths. The curve of Fig. 4 shows how admirably the ob- 
served received currents followed the calculated curve. 

Another interesting fact worthy of mention was brought 
out during the Brant Rock test. While the Birmingham lay 
in Newport signals were sent to Brant Rock with wave lengths 


of 1,000 and 3,750 meters. It is well known that the region 
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north of Newport absorbs electrical waves very powerfully. 
The experiments showed how much this ground absorption de- 
pends on wave length, for while the 1,000-meter signals from 
the Birmingham lost over 90 per cent. of their energy before 
reaching Brant Rock, the 3,750-meter signals came in without 
measurable loss, being as strong as though they had passed 
over salt water. This shows the importance of, choosing suit- 
able wave lengths for working between land stations where 
strong absorption is found. 


ON THE RESISTANCE OF RADIO-TELEGRAPHIC ANTENNAS. 


One of the most interesting experimental discoveries 
brought out in the work of the laboratory is the manner in 
which the antenna resistance changes with the wave length. 
According to the Hertzian theory of radiation, the portion of 
the antenna resistance which depends on the energy radiated 
should decrease as the square of the wave length. It was 
known, however, to many experimenters that the antenna re- 
sistance was larger at the longer wave lengths than should 
have been the case according to the Hertzian theory. In tak- 
ing up the systematic experimental study of this subject, a 
method was adopted which was due, I believe, to Professor 
Fessenden, who did not, however, apparently employ it for 
the investigation of the change of resistance with wave length. 
His method, in brief, is the substitution of an air condenser 
in place of the antenna and ground, keeping the inductance 
common to both circuits and introducing resistance in the 
condenser circuit until the current becomes the same as when 
the antenna and ground are used, The arrangement of the 
apparatus is shown in Fig. 5. Here A is the antenna, FE the 
ground, L, the tuning inductance, C, an air condenser for 
tuning to very short wave lengths, Th a thermoelement, G a 
galvanometer and C, a variable air-condenser set at the ca- 
pacity of the antenna to be measured. A small inductance L, 
was sometimes inserted in circuit with the condenser C, to 
represent the antenna inductance. This has little influence on 
the results and at least for the longer wave lengths may be 
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perfectly well omitted. $, and S, are switches for connecting 
either the antenna ‘and ground or C, to the rest of the circuit. 
R is a resistance introduced in the circuit C, to bring down 
the thermoelement deflection to the same value as that ob- 
served when the antenna and ground are in circuit. The high- 
frequency resistance consists of separate units of fine constan- 
tan wire inserted in mercury cups. 


: 


The measurement circuit 








A 
S; 
L 
C2 
Zz. G 
2 
CG, 
4 


Fig. 5. 


,DIAGRAM OF APPARATUS FOR MEASURING ANTENNA RESISTANCE. 


is excited by a buzzer exciter circuit W of the type previously 
described and shown on figure 1. 

Observations were made on the antenna of the U. S. S. 
Dolphin lying at the Washington Navy Yard, on the antenna 
of the Navy Yard station and the antenna at the Bureau of 
Standards. 

Fig. 6 shows the curves obtained in these experiments. It 
is seen that beginning with the short wave lengths the resis- 
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tance falls rapidly until a point is reached which is ‘not far 
from twice the fundamental wave length of the antennas. 
Curve A is the Bureau of Standards, B the U: S. S. Dolphin, 
and C the Washington Navy Yard. In curves Band C, 
where the ground resistance is low, the resistance rises grad- 
ually, while in the curve of the Bureau of Standards, where 
the ground resistance is larger, the rise’ of the resistance with 








DIAGRAM SHOWING THE RELATION BETWEEN WAVE LENGTH AND ANTENNA 
R - RESISTANCE. 


increasing wave length is more rapid. The theoretical radia- 
tion resistance, corresponding to the curves B and C, is shown 
in the dotted curves B’ and C’. We have here an indication 
of two factors in the resistance of an antenna, one decreasing 
approximately as the square of the wave length, while the 
other increases nearly directly as the wave length. It seems 
probable that’ the portion of the resistance which ificreases as 
the wave length is grotmnd, or earth current resistance. 





140 RADIO-TELEGRAPHIC LABORATORY. 


Observations have also been made at other stations and on 
other ships than those already mentioned, but in all cases it 
was found that the curves followed in general form those of 
Fig. 6. On some of the ships the minimum resistance fell to 
about 2 ohms, and in these cases the rise of resistance with in- 
creasing wave length was very slight. 

In the case of land stations it is found that the resistance 
and the steepness of the curve vary according to the dry- 
ness of the ground, being less after heavy rains and usually 
slightly higher in the afternoon than in the morning. 


CONDENSER LOSSES AT HIGH FREQUENCIES. 


Considerable time during the last two years has been spent 
in the determination of the equivalent high-frequency resis- 
tance of several types of condensers. By equivalent resistance 
is meant the ohmic resistance which would consume the same 
amount of energy as that actually consumed by the con- 
densers, due either to brushing, dielectric hysteresis or other 
source of loss. 

The method employed is an exceedingly simple one, con- 
sisting merely of observing the reading of a hot-wire ammeter 
in series with the given condenser in a high-frequency circuit, 
and then substituting a compressed-air condenser of about the 
same capacity, which last, in the first approximation, may be 
taken as free from resistance. Ohmic resistance is then in- 
troduced in series with the compressed-air condenser until the 
deflection of the hot-wire meter becomes the same as in the 
case of the condenser under test. Corrections must then be 
made for the slight differences in capacity of the condensers 
compared and for the small resistance of the compressed-air 
condenser. This last in some experiments fell as low as 0,14 
ohm, 

Table V shows the results of some of these comparisons. In 
the table, it is seen, as is to be expected, that the Leyden jars 
in air show larger resistances than most of the, other con- 
densers on account of brushing. The paper condenser also 
shows considerable resistance due to dielectric losses. The 
jars in oil have remarkably small losses, only slightly greater 
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Table V. 

Volts=14500 (max. ) Current—7—8 amp. 

Wave length=1,000 m. (approximately). 





units. ohms, 





Wireless specialty (1) ) 


i i 0.00603 1.08 
Wireless specialty (2) Leyden jars - 


00605 1.19 
.00612 1.59 
-00603 1.83 
.00548 0.57 
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.00605 0.28 
.00§75 0.14 
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than those of the compressed-air condenser. The measure- 
ments given in the table were taken at a maximum voltage of 
14,500. Experiments were made also at other voltages, up 
to about 20,000 volts, and down as low as 4,000 volts. It was 
found that with changing voltage the jars in air showed a 
change of resistance nearly proportional to the square of the 
voltage, while the condensers in which brushing was prevented 


gave results practically independent of the voltage within 
the limits named. 


Below is given a list of the papers published by the labora- 
tory. 


“The Comparative Sensitiveness of some Common Detectors of Elec- 
trical Waves,” Bulletin of the Bureau of Standards, 6, p. 527, 1910. 

“The Measurement of Electrical Oscillations in the Receiving Antenna’,” 
Bulletin of the Bureau of Standards, 7, p. 295, 1911. 

“Some Experiments with Coupled High-Frequency Circuits,” Bulletin 
of the Bureau of Standards, 7, p. 301, 1911. 

“Some Quantitative Experiments in Long-Distance Radio-Telegraphy’,” 
Bulletin of the Bureau of Standards, 7, p. 315, 1911. . 

“High Spark Frequency in Radio-Telegraphy’;” “The Slipping Con- 
tact Rectifying Detector';” “The Resistance of Radio-Telegraphic An- 
tennas';” Journal of the Washington Academy, 1, p. 5, 1911. : 

“Wave Length and Ground Absorption of Electrical Waves;” “ Direc- 
tive Action of the Marconi Bent Antenna at Clifden;” “A Table of. Ra- 
diation Resistances for Various Wave Lengths and Antenna Heights ;” 
Journal of the Washington Academy, 1, p. 190, 1911. : 

“Condenser Losses at High Frequencies,” Journal of the Washington 
Academy, 1, p. 143, 1911. : 

“A Ship's dsliies as a Hertzian Oscillator,” Journal of the Washington 
Academy, 1, p. 275, 1911. ‘ 

‘ Thertioelements fur Versuche mit Hochfrequenzstromen,” Physika- 
lische Zeitschrift, 12, p. 1226, 1911. 


1 Also published in the “ Physikalische Zeitschrift,’” 
2 Also published in the “‘ Jahrbuch der drahtlosen Telegraphie.”’ 
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NOTE. ON THE PERFORMANCE OF MARINE TUR- 
BINES AT REDUCED SPEED, 


By E. BuckINcHam, ASSOCIATE. 


1, If a certain steam turbine has its best water rate at a 
given speed of revolution, another turbine of similar stage 
design, working under the same steam conditions and giving 
the same power; must be larger in diameter or have more rows 
of blades in order to:-have the same water rate ‘at a lower rate 
of revolution. Under the restfictions of spacé imposed in 
battleship design, direct-connected turbines can hardly be made 
to igive their best water rate at much below their full load 
speed. ‘But since, in our service at least, cruising radius is of 
prime importance, attention should be concentrated on econ- 
omy at low speeds, if turbines are to be used at'all. It’is 
difficult to draw definite specifications which shall leave’ the 
private designer sufficient leeway for the use of his own dis- 
cretion, but when the Bureau of Steam Engineering designs 
its own turbines and gives all the time and care needed to the 
work, better results should be forthcoming than haye yet been 
obtained. ° 

There are two obvious methods of going to work. The 
simplest is to take.the whole available space, design the best 
turbine possible for full power, and let low speeds take care 
of themselves when the steam flow is reduced. That is. the 
natural thing to do if the specifications lay the main stress on 
good economy at high speed, and many designs seems to 
have been worked out ‘on this primitive plan, which is quite 
suitable for the simple conditions obtaining in electric-power 
work. The other way is to set aside a part of the space for 
cruising stages and take only the remainder for the full- 
power turbine. The cruising stages are put in at the H.P. 
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end—sometimes in a separate casing—or are interpolated 
after the first stage, which is then used at all, powers and 
speeds while a smaller or. greater number of | the cruising 
stages is by-passed according to the power required. If the 
second method of designing is pursued, the economy. at full 
speed will not be:so. good as if the first plan were adopted,  be- 
cause the full power turbine must be smaller, but the cruising 
stages can be designed specially for the work they have to do 
and the fotal result at low speeds may. be better than in the 
former case. 

It may be well to remark, before going farther and. to. fix 
our ideas, that the only type of turbine at all worth our con- 
sidering is the combined wheel-and-drum type; for this has 
every advantage over the pure multicellular turbire,. which is 
obsolete for naval use, and over the pure drum turbine, which 
is fast becoming so. . It is needless to dilate on,the various 
reasons for preferring impulse-wheel stages with partial ad- 
mission and ample radial clearances at the H.P. end, while 
the superior merits of the drum construction when large steam 
volumes are to be handled, as toward the, L.P. end, are equally 
evident to anyone who has noticed the relative number of 
blade rows per foot in the wheel.and drum sections of a com- 
bination turbine. .The only, question at. present is how long 
to make the drum, for it is already settled, both by common- 
sense theory and by. the best practice, that both wheels and 
drum should be used. If this form of construction is adopted, 
the natural place for the cruising stages, is just after the first 
stage, for with that arrangement the main first-stage shell is 
the only one ever exposed to the highest pressure existing in 
the turbine, and the construction, can be lighter than if one of 
the cruising stages were also fitted for use as a first stage. 

Whatever the plan adopted, the majority of the stages must 
have nozzle or guide-blade areas large enough to pass all the 
steam needed. for full speed of the ship, At lower. speeds, 
these. stages will be handling only, a; small fraction of the 
steam flow at. full power,—perhaps only 1/6 or less at half 
speed. It, is evidently important to know how this great 
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change in the proportion of steam-flow to area will influence 
the performance of the stages in question; for unless we are 
able to predict their behavior at low powers we may make the 
mistake of preferring a machine which is a little better at full 
power to one which is a good deal better at low. 

Suppose that in making a preliminary sketch design for 
given power, size, steam conditions, and r.p.m., we settle 
upon the kind and number ‘of stages to try. It is to be pre- 
sumed that we have more or less reliable data on the stage 
efficiency to be expected, for otherwise we are all at sea; and 
if we have this information, it is a relatively simple matter to 
determine the curve of expansion through the turbine, on the 
Mollier diagram. From this curve and the full load water 
rate, which can be found from it, we determine the areas 
needed at the terminal pressures of the various stages. 

If we now want to find out how the stages already designed 
will act at low powers, we have first of all to determine the 
curve of pressure distribution through the turbine. At the 
start we had the problem; given the total steam flow and the 
curve of pressure distribution—read off directly from the ex- 
pansion line on the Mollier diagram—to determine the re- 
quired areas. Now, however, we are confronted by the more 
difficult inverse problem; given the steam flow and the areas, 
to determine the pressure distribution. The steam flow is 
not, to be sure, given exactly, for it is in fact what we are ulti- 
mately trying to find in investigating the behavior of the tur- 
bine at reduced speed, so that we can not in any event deter- 
mine the pressure curve exactly at the first attempt. But a 
little good guessing as a first approximation will make our first 
computed approximation really a second and sufficiently exact 
one. 


PRESSURE DISTRIBUTION AT REDUCED POWER. 


2. This subject of the water rate of turbines under such 
wide variations of load and speed as occur in marine practice 
has not usually been treated by writers of books on’ the steam 
turbine, most of whom confine themselves ‘to explaining how 
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to design turbines for fixed conditions and consider the effects 
only of stich small modifications of the conditions as occur in 
electric power work. But for our purposes, conditions which 
would be so far from normal as never to occur at all in land 
practice, become of the first importance, and we have there- 
fore to examine the problem stated above: given the areas, 
together with the steam flow and pressure distribution for 
which they were designed, to find the pressure distribution 
when the steam flow is greatly reduced. There is, it is true, 
One exceptional case in which this problem is not presented, 
for if intermediate valves are provided, as has sometimes been 
done, e. g., on the Salem, the areas are not fixed by the con- 
struction of the turbine but may be varied at will so as to ad- 
just the pressure distribution to suit the ideas of the operator. 
But the use of such valves has. not in general been found to 
be of sufficient practical advantage to warrant the extra com- 
plication, and this method of regulation may be disregarded 
for the present, though some further remarks on it will be 
made later. The two remaining methods of regulation differ 
greatly in appearance, but not much in the results produced. 
Throttling by the main valve decreases the steam-chest pres- 
sure and therefore the pressure drop through the turbine, while 
it dries or superheats the steam that reaches the first-stage 
nozzles. Nozzle regulation, 7. e., cutting down the steam 
flow by closing some of the first-stage nozzles, does not change 
the pressure drop through the turbine, except.in so far as the 
vacuum may improve, but throws a much greater fraction of 
the load on the first stage, which is usually the least efficient 
of all. 

The solution of our. problem of pressure distribution has 
doubtless long been familiar to the builders, but so far as I 
know, it has not appeared explicitly in print till rather recently, 
and I have seen it given in only one book beside Stodola’s mon- 
umental treatise. It is probably safe to assume that it, will 
be unfamiliar to some of my readers and therefore worth 
while giving in spite of the fact that it is no longer new. 

3. The most effective way to exhibit the facts will be to il- 

10 
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lustrate them by means of the following table which represents 
pressure observations taken on the port turbine of the North 
Dakota during her official trials, reduced from the original 
data which were kindly placed at the writer’s disposal by the 
Bureau of Steam Engineering. The Curtis turbines of this 
ship have nine ahead stages with separate valves on the first- 
stage nozzles. There are no separate cruising stages and no 
intermediate valves. Ejight different sets of conditions tre 
represented in the table, the speeds ranging from 284 down to 
122 r.p.m. 
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The first line in the table gives the number of separate ob- 
servations upon the average of which each of the following 
figures in the same column is based. The second line shows 
the number of first-stage nozzles open during the run; the 
third, the steam-chest pressure in pounds per square inch by 
gage; and the fourth, the pressure in the first-stage shell in 
pounds per square inch absolute. Lines 5 to 13 give the ab- 
solute pressures in the shells of the 2d to 9th stages and in 
the condenser, expressed as fractions of the pressures existing 
at the same time in the first-stage shell. In the lower right- 
hand part of the table the pressures were low, as may be seen 
by noting the first-stage pressures in the 4th line, and the 
readings were therefore subject to large errors both instru- 
mental and observational.* Pressures of less than 2 pounds 
absolute are represented by the numbers in parentheses and 
 e Many of the observations recorded on the starboard engine represent impossibilities, 


although in general and within their limits of error the observations on the starboard 
engine lead to the same conclusions as those on the port engine. 
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have little or no significance; this remark does not apply to 
the condenser pressures in line 13. 

If we follow the horizontal line for any stage except the Ist 
and 9th we find values which are constant within the range 
due to possible errors of the gages or accidental variations 
from perfect steadiness of the steam supply. The values in 
column VII are rather higher than the average. This would 
be accounted for by supposing that the value 15.5 for the ab- 
solute pressure in the first stage was read too low, as would 
also seem probable upon comparison with the first-stage and 
steam-chest pressures in column VI. The figures show, on 
the whole though not markedly, a tendency to increase toward 
the right. If the figures in any one line ought, with perfectly 
exact observations, to have been constant, a gradual increase 
toward the right would indicate that the gage on the first shell 
had a zero error and read a little too low. 

But disregarding such hypothetical considerations, the con- 
clusion to be drawn from the figures as they stand is very sim- 
ple and clear. When the pressure in the first-stage shell was 
cut down by a progressive reduction from 20 to 3 in the num- 
ber of nozzles open, the pressure in any other shell, except the 
last next the condenser, was reduced in the same fatio and 
remained a constant fraction of the pressure in the first shell- 
It is evident that this relation can not hold exactly at the low- 
pressure end of the turbine, especially for turbines with many 
stages and small pressure drops; for though it would usually 
happen, as it did here, that the vacuum was higher at low than 
at high powers, the absolute pressure in the exhaust would 
never, under normal working conditions, vary as 8 to 1, which 
was the ratio of variation with load in the higher stages in the 
present case. When the pressure approaches that in the con- 
denser, it must be influenced by it, and the last stage or stages 
will be partly drowned when the load is very small. We find 
accordingly that the low pressures toward the right lower 
corner of the table do not fall as low as would correspond to 
tho fall in the higher stages, so that the reduced values or 
ratios as given in the table show a tendency to increase toward 
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the right. But with this exception and for pressures as great 
as 2 or 3 times the condenser pressure, the rule is satisfied. 


RELATION OF THE PRESSURES TO THE STEAM FLOW. 


4. It is convenient to have the rule put in terms of the total 
amount of steam passing through the turbine. The pressure 
drop through the first-stage nozzles is usually greater than the 
critical, even at full power, and this is true of the North Da- 
kota’s turbines. Hence the steam flow through each nozzle 
depends only on the pressure and steam quality in the steam 
chest and is independent of the back pressure in the first-stage 
shell. For a given initial steam state, the total steam flow is 
therefore proportional to the number of nozzles open. This 
was confirmed in the above trials, in the runs when the steam 
was measured. Furthermore, when the steam is dry or super- 
heated, the weight which flows through each nozzle is nearly 
proportional to the steam-chest pressure, if the temperature in 
the steam chest is constant and if the pressure drop is greater 
than the critical. These conditions were approximately ful- 
filled, and we conclude that the whole amount of steam pass- 
ing through the turbine was proportional to the product of the 
number of nozzles open by the absolute steam-chest pressure. 

Returning now to our table, we find that if we take the ratio 
of the absolute pressure in the first-stage shell to the above 
product which represents the total steam flow, we get—after 
multiplying by 10°—the nearly constant series of numbers in 
line 14 of the table. ‘The numbers have a distinct run, but if 
we add 2 pounds to all the first-stage pressures, which is a not 
impossible zero error for the gage in question, the run van- 
ishes and the variations become irregular. The first-stage 
pressures and all the other pressures except in the last one or 
two shells were therefore nearly proportional to the steam 
flow and we have, so far as can be concluded from these ob- 
servations alone, the following approximate RULE: When the 
steam flow is cut down by nozzle regulation, the absolute pres- 
sure at every point in the turbine except close to the condenser 
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is reduced in the same proportion as the steam flow, if the 
feed to the steam chest is kept of uniform quality and pressure. 

If the regulation had been by the main throttle with all the 
nozzles left open, the pressures for a given steam flow would 
have been almost the same as with nozzle regulation, but a 
trifle higher all through. For the wire-drawing would have 
raised the initial superheat, the volumes would have been 
larger and the velocities, heat drops, and pressure drops would 
have had to be a little larger. But the effect on the pressure 
curve would have been small, though the distribution of the 
load among the various stages would have been altered. 

The observations quoted above may seem hardly sufficient 
to warrant the setting up of a general rule, but the conclusion 
drawn from them is confirmed by other experiments, particu- 
larly those of Baer* and Gutermuth.¢ The rule seems to be 
quite generally true, and though not absolutely exact is still 


"close enough for practical use. Before having access to the 








North Dakota's trial data, about a year ago, the writer made 
several attempts to solve the problem a priori, for he needed 
the solution for practical use and had not yet seen the 1910 
edition of Stodola nor made a thorough search of the litera- 
ture. The theoretical attacks failed, but an examination of the 
observations very soon revealed the rule, which was then 
found to be well established though apparently not very fa- 
miliar. 
APPLICATIONS. 


5. The utility of the rule is evident. To investigate the be- 
havior of a proposed turbine at reduced speed, we first make 
a guess at its new water rate and compute the total steam flow 
required to give the power needed to drive the propeller at this 
rate. From this, the flow at full load, and the full-load pres- 
sure curve we proceed to find the pressure limits of the stages 
at the reduced speed, by means of the rule. From our data 
on stage efficiency at these ‘new steam and blade speeds we lay 





*Zeitschrift d. Ver. Deutscher Ingeuieure; 53, pp. 1056 and 1102, 1909. 
+Zeitschrift d. Ver. Deutscher Ingeuieure; 54, p. 82, 1910. 
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out the expansion line on the Mollier diagram and work back 
to find the power and the water rate. If our guess was good 
enough, the work confirms it; if not, it shows how the first 
estimate of the water rate should be modified, and we repeat 
the work till the guess and the check agree. ‘The second com- 
putation ought to make us certain that our estimated water 
rate is as near right as the accuracy of our data on stage effi- 
ciency will permit. 

It thus becomes possible to make fairly close computations 
of the water rate at cruising speed, and the designer can then 
re-examine his general scheme of stages and see where it can 
be improved, if at all. It is‘not my intention to go into this 
subject in detail here, for it would require a great deal of 
space and be the subject for a separate paper, but the rule has 
other interesting applications. 


6. Consider, for instance, the question of thrust balancing. 
If the drum begins at the right point on the curve of pressure - 
distribution through the stages, the steam thrust at full power 


may be made to balance the propeller thrust and so relieve the 
thrust bearing, which is worth while if it can be done without 
incurring other disadvantages. If the speed is now reduced 
to % and the power to about %, the steam flow will be about 
1/5 of that at full power if the water rate goes up 60 per 
cent., as it will very likely do, though it ought not to. The 
pressure on the H.P. end of the drum will be reduced in the 
same ratio as the steam flow, so that the steam thrust aft will 
be reduced to a little less than 1/5 of that at full power (the 
exhaust pressure on the other end of the drum will not fall to 
1/5). But at % speed and % power, the propeller thrust is 
Y% of that at full power. Hence the steam and_ propeller 
thrusts will still be in balance, to within something like 1/20 
of the whole full-load thrust. If the pressures all through 
the turbine had to be kept up by closing intermediate valves 
in order to get satisfactory efficiency, the balance could not 
be maintained. This drawback to the use of intermediate 
valves did not exist in the case of the Salem, because her tur- 
bines had only wheel stages, so that the propeller thrust was 
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not balanced at any speed but always taken up on the thrust 
block. 

When the computation is made to find where the drum 
ought to end in order to give a balance at full speed, it will 
usually be found, at least in short turbines of large diameter 
like the Curtis, that the drum is too short from the point of 
view of steam economy. The drum construction permits the 
use of so many more blade rows per foot of length than are 
possible on wheels with intermediate diaphragms, that the 
drum ought to be carried as far up toward the H.P. end as 
may be. The place to stop is determined by considerations 
of tip clearance, and depends somewhat on how hard usage 
the turbine must stand. The difficulty of reconciling the long 
drum needed to accommodate many blade rows and give good 
efficiency with the short drum needed to prevent too great a 
steam thrust aft, can be solved by splitting the drum in two, 
reversing the L.P. part, and putting it in a separate casing 
with the exhaust at the forward end. The total length of 
drum may then be chosen without regard to thrust, and the 
division made at such a point as to give any desired thrust. 
The balance once provided at full power will persist, very ap- 
proximately, at half speed. 

7. It is interesting to return to the consideration of the 
Salem’s turbines in the light of our rule about the pressure dis- 
tribution at reduced power. Let us suppose, first, that the 
intermediate valves are all kept open and that the regulation 
is by the first-stage nozzles. When the steam flow and 
r.p.m. are cut down, the heat drop through the first-stage noz- 
zles is much increased on account of the low pressure in the 
first-stage shell. This increase of steam speed with the de- 
crease of blade speed makes the efficiency of the first stage, 
which is poor even at full load, very poor indeed, though on 
account of the greater heat drop, the whole extraction per 
pound of steam may be greater than at’ full load. On the 
other hand, the heat drop in each of the following sets of noz- 
zles is reduced; the steam speed decreases along with the blade 
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speed, though not so fast, and the efficiency is kept up except 
in the last stage, which is partly drowned. 

Now suppose that the intermediate valves had all been 
closed, along with the first-stage nozzles and in the same pro- 
portion, so as to keep up the original full-load pressure dis- 
tribution. The heat drops and steam speeds at all the noz- 
zles would have been kept up to their original values,* and 
the efficiencies of all the stages would have suffered because 
the blade speeds would have been much too low for the steam 
speeds. The last stage, instead of being drowned, would have 
been working on a greater heat drop than at full load, on ac- 
count of the higher vacuum, and though its efficiency would 
have fallen, its extraction per pound might have increased. 

Any other uniform setting of the intermediate valves would 
form a case between the two already mentioned, unless the 
intermediates were closed more than the first-stage valves. 

Any non-uniform setting would probably be disadvanta- 
geous. It can be shown that if two similar stages are working 
in series and if the speed of revolution is below that required 
for the best efficiency—as it always is with a marine turbine 
at reduced speed—the best results are obtained by dividing the 
load equally between the two. This follows from the para- 
bolic form of the efficiency curye plotted against the ratio of 
blade speed to steam speed. If, then, a series of similar stages 
have been designed with such areas as te distribute the load 
equally, it is highly probable, though not certain, that any 
sort of regulation of the nozzle areas which artificially pro- 
duces an uneven distribution of the load will be disadvanta- 
geous, if the r.p.m. are too low for maximum efficiency on the 
given total heat drop available. 

Now it is not possible to say offhand which method of regu- 
lation would on the whole give the best results; it is merely 
evident that in principle there may be something to be said on 
both sides. But the use of the rule as to pressure distribution 
would enable us to analyze the problem completely if it, were 


*In reality they would have been increased a very little on account of the greater 
reheat in each stage. 
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worth while, and it is obvious that if such a preliminary study 
had been correctly made with adequate data, the builders 
would not have fitted intermediate valves which proved upon 
trial to be needless. Gutermuth concludes from his experi- 
ments on a 650-horsepower impulse turbine with 2-row wheels 
and 4 stages, all provided with valves, that above half load the 
regulation by first-stage nozzles alone was at least as good as 
complete regulation, whereas for smaller loads and at reduced 
speeds, corresponding to marine conditions, the use of the in- 
termediate valves to keep up the pressures improved the water 
rate. These conclusions, however, might not be valid for a 
turbine of very different design, especially for one with more 
stages in which the importance of the first stage was relatively 
less. 

Gutermuth also found that throttle regulation was not so 
good as regulation by first-stage nozzles; but this conclusion, 
natural as it seems, might not be so clear for a different tur- 
bine. The throttling greatly reduces the heat drop and steam 
speed into the first stage. Hence if the first stage even at full 
power and r.p.m. had too great a steam speed, the efficiency 
of the first stage might be so much improved by the throttling, 
in comparison with nozzle regulation, as nearly to offset the 
fact that the total heat drop available was smaller. More- 
over, the drying or superheating due to the throttling has by 
itself a tendency to improve the efficiency all through. The 
poorer the original full-power efficiency of the first stage, the 
more likely it would be that throttling would give nearly as 
good a result as nozzle regulation. Four-row stages, such as 
the first stage in the Salem’s turbines, are notoriously ineffi- 
cient, and in fact no great difference was observed in the Sa- 
lem’s trials whether the regulation was by the throttle or by 
the first-stage nozzle valves. 

8. Having now stated the rule as an empirical fact and 
mentioned a few of its applications, we may conclude by show- 
ing that it is rational, though without attempting a formal de- 
duction. 
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The equation for adiabatic flow of air through a nozzle is 


M=A-?_x kK, 


V up 

where M is the mass per second, 4 the nozzle area, p and v 
the pressure and specific volume at entrance to the nozzle, and 
K a quantity which depends only on the ratio of J to the 
back pressure beyond the nozzle when the back pressure is 
above the critical, or is constant for lower back pressures. Sup- 
pose that M is reduced while A remains fixed. If the two 
pressures are both changed in any ratio their ratio to each 
other remains the same and K does not change. If, further- 
more, the pressures change by the same fraction as the flow 
M, the above equation will be satisfied provided the product 
pu at entrance to the nozzle does not change its value with 
the change in p. Now it is well established that the flow of 
steam through nozzles follows very nearly the same form of 
equation as the flow of air, and it is also true that the product 
pu does not change very much as the steam flows through a 
turbine so that it can not change much at any one point in 
consequence of changes in the amount of steam admitted to 
the turbine, if the steam-chest conditions remain fixed. It 
follows that if the pressures at all points in a turbine with 
fixed areas do decrease in the same proportion, the steam flow 
with given terminal conditions must also decrease in that same 
proportion in order that the equation to which the process is 
subject shall be satisfied. It does not, of course, follow that 
the rule given above is the only solution of the problem of 
finding the pressures from the steam flow; but such solutions 
are usually unique, and practice appears to show that the so- 
lution given by the rule is in fact the only one. 
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TEST OF A FEED WATER HEATER. 


TEST OF A FEED WATER HEATER AT THE NAVAL 
ENGINEERING EXPERIMENT STATION, 
ANNAPOLIS, MARYLAND. 


The object of the test was to determine the B.T.U.s trans- 
mitted per square foot of heating surface per hour, per 
degree Fahrenheit difference of temperature between the 
steam and the water, under varying conditions of temperature 
of steam and of water, and with varying proportions of steam 
and water. 


DESCRIPTION OF APPARATUS. 


The feed-water heater under test was as shown on Plate I. 
The heater consisted of a composition shell or body con- 

taining 117 semi-circular 34-inch tubes, expanded into a 
' composition tube sheet and a cast-steel bonnet; the bonnet 
being cast so as to form separate cavities or pockets over the 
two ends of the tubes, the feed water passing through the 
tubes, while the steam circulates outside of the tubes. 

The total heating surface (calculated) for the tubes and 
tube sheet was 88.22 square feet, while the area through the 
tubes was .362 square feet. 


METHOD OF TEST. 


The connections and locations of instruments are shown on 
Figures 2 and 3. As the station supply of fresh water would 
not permit of its use in such large quantities as were required 
for the test, brackish water from the Severn River had to be 
used, and corrections were made for the difference in specific 
heats. 

The water was supplied to the heater through pipe “ N.” 
Its inlet temperature was taken at “ D” with a mercurial 
thermometer reading to half degrees, and at “ B’” with a re- 
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cording thermometer, “ B.” After passing through the heater 
the water passed out at “Q,” its temperature being taken by 
a mercurial thermometer “ L,” and at “M’” with a recording 
thermometer “ M.” In order to obtain the correct tempera- 
ture at “ L” it was necessary to place a spiral mixer in the out- 
let from the heater, to mix the water, as it was found that with 
out this mixer the temperature at the top and the bottom 
of the pipe would vary from 10 to 12 degrees at the lower ve- 
locities of feed water. 

The water after leaving the heater passed through a Venturi 
tube (not shown) connected to the indicating and recording 
instrument “ A.” 

In order to maintain a constant feed temperature part of the 
heated water from the feed heater was by-passed to the tank 
“P,” and mixed with river water supplied by “ R”; the tank 
being used as a suction tank for the pumps supplying water to 
the heater. 

Steam was supplied to the steam side of the heater by the 
pipe “ H” connected to the high-pressure main. As this steam 
was considerably superheated due to wiredrawing, a low-pres- 
sure pipe connection “ J’’ was made to the steam side; and, by 
the adjustment of the two supplies, a superheat of only a few 
degrees was held. It was thought better to have some super- 
heat, as then it would be known that dry steam, at least, was 
being obtained, and a calorimeter would not be necessary. 
The temperature of the inlet steam was taken at “ O,” while 
the pressure was taken by the mercury column “ C” at “ C’.” 

The condensed steam was discharged into “S$,” which was 
fitted with a gage glass “‘G.” By means of a valve on “ K”’ 
leading to a condenser (to cool the steam water to prevent 
reévaporation ), and thence to the weighing tanks, a constant 
level of water was maintained in “ G” to prevent the escape of 
any steam. The temperature of the condensed steam was 
taken at “ E.” 

Forty tests in all were conducted, in two groups of twenty 
each; each group being subdivided into five groups of four 
each. The two main groups of tests were divided according 
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to the inlet water temperature, that in the first group being 
about 80 degrees, and that in the second from 130 degrees to 
150 degrees F. The subdivision was according to the velocity 
of feed water and the steam pressure. The velocities taken 
were 35, 71, 107, 143 and 171 feet per minute, corresponding 
to a delivery of about 50,000, 100,000, 150,000, 200,000 and 
240,000 pounds of water per hour. The steam pressures 
taken were 5, 10, 15 and 20 pounds gage. The pressure of 
the feed water in all tests was held from 230 to 250 pounds 
gage. 

All tests were of one-hour duration, and the readings of 
instruments and gages were taken at ten-minute intervals. 

All thermometers were checked during each test with a 
standard thermometer, and corrections made accordingly. 

The scales for weighing water were checked with standard 
weights before and after the tests. 

The Venturi meter was calibrated by pumping the water 
from the tank “ P” (holding 100,000 pounds of water, and 
which had been carefully calibrated) through the tube, after 
each change of rate. 


RESULTS OF TEST. 


The results of tests are given in the accompanying table. 
Test No. 24 will have to be thrown out, as it is not in agree- 
ment with the other test of this group, due to a disarranged 
water gage. The heater was probably full, or nearly full, of 
water while the gage showed only the normal water level. 
This supposition is borne out by the low temperature of the 
condensed steam shown in column 19 and by the rise of only 
four degrees in the feed-water temperature. 

From the accompanying curves, marked Plate IV, it would 
appear that the B.T.U. transfers per square foot per hour per 
degree mean temperature (geometrical) difference, for the 
two groups, are similar up to about 120 feet per minute 
velocity of feed water. The higher temperature curve shows 
a falling off in B.T.U.s transferred per degree difference. 

It was noted that the heater as supplied for test was not 
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furnished with any baffling arrangement to protect the tubes 
directly under the steam entrance. The erosive effect of the 
steam on the tubes was very pronounced after two hours’ use; 
and, as the heater had to be opened to replace the rubber 
gasket on both the steam and water sides, the opportunity 
was taken advantage of to place a brass scattering plate below 
the steam opening; and it was found that this plate protected 
the tubes from any further action of the steam. 
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It was also noted that the bonnet casting was not stiff 
enough to withstand a pressure of 250 pounds continuously, 
as the joint between the bonnet and the tube sheet could be 
seen to open and close‘with each stroke of the pumps, and on 
this account could not be kept from leaking. 


APPENDIX. 


Method of obtaining results : 
(Marks and Davis steam tables used for all calculations. ) 


Column 4, 
D, 


6, 


7, 


ioe) 


b 


C=) 


, 


10, 
11, 
12, 
13, 
14, 


15, 


16, 
17, 


18, 
19, 
20, 


21, 


Corrected by Smithsonian Meteorological Tables. 

From data taken during test. 

Venturi meter reading corrected for temperature 
and meter error. 

Equals column 5 multiplied by .966, the specific 
heat of river water. 

From data taken during test. 

From data taken during test. 

Column 9 minus column 8. 

Column 7 multiplied by column 10. 

From data taken during test. 

From data taken during test. 

From data taken during test. 

Column 14 plus pressure corresponding to baro- 
metrical height. 

From data taken during test. 

From steam tables, temperature corresponding to 
pressure in column 15. 

Column 16 minus column 17. 

From data taken during test. 

From formula W ( L + (col. 17 — col. 18) 
+ S$ (col.18)). Where “ W” = col. 13 weight 
of steam condensed; “L” = latent heat of 
steam at pressure (col. 15), and “ S” = spe- 
cific heat of superheated steam. at pressure, 
col. 15. 

Column 20 minus column 11. 
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1929640!236.0) 2 100.0/29.58 
2200584 228.9 

241.0/3054.5| 9.06 
238.4/3185.0]19.24 
245.3|3624.5|29.08 
244.6|4029.0/38.60 
236.6/3121.0) 9.41 
239.3/3635.5|19.06 
244.3|4108.0/29. 34 
258.6)5 101.0/38.70 
251.9,4605.0] 9,00 
254.0/5211.0]19.08 
257-0\5935-0|29.27 
252.6/6590.0)/38. 30 
245-7/4932.0] 9.43 
234.3/5781.0|19.05 
225.7/6602.0/29.24 
222.1/7434.0|39.27 
249.1|1260.0| 8.86 
et 1362.0/19.09 
248.9 


2416.0 38.34 





1599.0/29. 28 


234.1)1756.0/39.25 


244.1|1769 0|10.48 
241.1|2097.0|20,00 
255.0|2329.0/30.71 
254-3/2592.0/39.45° 
253-9/2330.0) 9.39 
246.0/2754.0|19.48 
240.4|3015.0/29.05 
247.9|3415.0/39.37 


249.4|2652.0| 9.61 
252.4/2814.0|19.50 
237,6|3123.0/29.66 
242.0|3690.0/38.89 


244.4) 990.0) 9.89 
248.4|3362.0|19.90 
250.7/3899.0|30.00 
258.7/4213.0 38.86 
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24.20|239.3/238,3] I.0|230. 1|1882880| 75622/76944/1975| 35-0|140.4/131.2|156.1\@ b 
29.09|249.2'248.6) 0.6/239.6|2006747} 77107/82876|2121| 35.7|142.3/137-3|159.3| oO 
33-38/257-6|256.8| 0.8/251.7|2285758| 85174|86208)2430| 35.7/156.1/142.5 175.0_"S 
18.96|232.5/224.9] 7.6|216.9|2974313| 78874|775201309!| 71.4/237.2/125.9|260.7 S 
23.89 240.9)237.5| 3-4|227.7|3073945| $3213|81552\3223| 71.4)225.1\139.4/243.2) 5 
28.67|250.9|247.7| 3-2|238.6|3470705| 85155|84432|3665| 71.0/240.2|143.4/267.6|  & 
33.201262.8/256.2) 6.6|248.3/3836551| 89854\91104|4077; 71.1|257.2|149.4|284.3|__ © 
18.94|231.9]225.0) 6.9/214.8/3044573| 81544|74832/3165/107.1/233.3/138.1/243.2| § 
23.66|241.3/237.0| 4.3/226.2/3515398|_ 77131/79104|3685| 107. 1/250. 4/143.8)271.0] . § 
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13.78|249.3/224.6!24.7/211.714544932| 74042179824/4723|143. 51354. 11132.8/381.6 < 
23.72|258. 1/237.2/20.9]224.015092356| 84730'84048'5338|142.5)360.7/149.4/379.9) g © 
28.72)253-9,247-8) 6.1/231.2/5735519| 76504)82032/6058) 142, 3}384.4/154.5|414.4) 
33-21/264.5|256.2} 8.3/242.8]6316957| 83553/85920/671 2|142.8/406. 1|156.5/451.5|__ & 
19.02|235. 3|225.3|10.0/212.9|4828428) 88541/72144|5020)171.3/375.9}138.1/389. 1 8 
23, 83/239 8237.4) 2.4|224.0|5598043| 70451/78864)5869|171.3/400.8'144.4/433.9| » 8 
28.83)258. 3/248. 1|10.2/233.3/6380160| 88256|87024'6740|171.61420.7/156.3/456.3) 
33.631269..6|256.9|12.7/242.817143502|103492/94368}7595/171.3|462:1| 160 0\498.6 
18.78|225.4|224.6). 0.8/218,9|1220038} 65553/67392/1268} 36.0|178.7 S51 701.0 
23.80/238. 1/236.3) 1.8/229.6|1310467| 74752/73488}1373| 26.0/161.5|} 78.7/178.0 
28.77|248.9|247.9) 1.0/241.1|1525§90} 76361\78672)1611| 36.0165.9) 88.5|185.6) ff 
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33-56|258.4|256.8} 1.6)250.3)1664484| 82471,84432|1770| 36.1\179.7| 87.7|204.5 











19.62/229.9|226.9) 3.0|218.9|1716355| 74648|69072/1786| 72.6|221.8) 79.0\235.6 
24.29|242.2/238.5| 3.7/232.4/2015167| 73705|74496|2114| 72.2/220.0} 93.9|234.4 
29.54|253-3/249.4| 2.9|243.7/2219120] 80505/79344|2347| 72.0/216.6|103.7/233.8 
33.84/258.4/257.3| 1.1/251.5|2453688) 83651/82272/2609) 71.8)228.5|107.31250:4 
19.04|238, 1|225.3|12.8]216.6|2275581| 68923/74928)2366) 107. 2/323.6) 72. 1/346.9 
23.99|247.9|237.8) 10. 1/228. 3/2665453| 83346|80592/2795/106.9|323. 1} 84.6|346.0 
29.62/250.0/249.6} 0.4|238.8|2884 137} 77032|81 1 20|3050|106.91316/8} 92.1|345.5 
33-71|259-9|257.1| 2,8|248.2/3246545| 80559|85872|3452|107.6/338.5| 96.1/373.4 

















Temperature difference below 102 degrees. 















































19,02/230.5|225.3]. 5.2|216,9 2579590 63456/7032012682 142.6)387.3 69.8/408.6 
23.88) 240. 1|237.5| 2.6|225.0|2722680] 85583/76128]2855|144.0/344.0| 83.4'358.4 
28.89] 262.0/248. 2|13.8}233.9|3021696} 90832/8664013192|142.5|342:2} 93+7,354.6)) 
33:47|257-5|256.6| 0.9)243.5|3521518) 82573/84480)3743/142.6|375.8| 95.5,408,2 
19,28) 226, 5226.0) 0.5|180.3| 997168} 79672\7 1040} 1037|171.6)1 15.7/192.0|102,0 
24.19|239.3|238.2| 1.1/223.9|3254846] 87015|77184)|3414|172.01344.1| 98.7/363.8 
29. 13|250.1/248.6} 1.5/235.1/3745126| 89462/81744/3958|172.4|364.6| 107. 1:386.9 
33-47|257.8|256.6] 1.2/241.8/4028420| 81708|84864|4282|17 1.9360. 1|123.0 363.7 
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22, = (col. 16 — col. 5) 480. The constant “ 480” 
was determined by weighing the amount of 
condensation in the heater due to the room 
temperature, without any water in the tubes, 
and reducing this to the B.T.U. radiation loss 
per hour per degree difference of temperature. 

23, By dividing column 20 by the latent heat corre- 
sponding to pressure column 15. 


24, From 





W “ IFy ° 
qx 60 a? where “W” == weight of 


water discharged per hour, column 7: ‘“e" Bs 
density of water in pounds per cubic foot cor- 
responding to the mean of entrance and dis- 
charge temperatures, and “a” the area through 
tubes, in square feet. 
Column 11 
(Col. 17 — col. 8). X area heating surface (88.22). 
26, From formula: 


25, 





where ¢, == temperature of outlet water, col. 
Oe 4. temperature of inlet water, col. 8; 
¢; == temperature of steam, col. 17. 

Column 11 


27 





’ Col. 26 & 88.22 


It should be noted that in computing columns 25, 26 and 27, 
the temperature of inlet steam was taken as that due to its 
pressure, column 17, and not as given in column 16, which 
shows a slight superheat. 


ADDITIONAL TESTS. 


Additional tests were run with a constant velocity of water 
through the heater of 130 feet per minute, a constant steam 
pressure in the heater of 10 pounds gage, and with variable 
temperatures of the inlet water. Starting the first test at 
80 degrees F. inlet water, and with an inlet temperature of 
each succeeding test corresponding to the outlet temperature 
of the preceding test until an outlet temperature of 212 de- 
grees F. was reached, two sets of tests were run; one series 
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with clear tubes as originally designed, and a similar series 
with retarders fitted in the tubes. 

The apparatus used and the method of conducting the tests” 
were the same as in the foregoing tests with the following 
exceptions: The heater was thoroughly lagged with 2 inches 
of magnesia covering, an air cock was attached to the highest 
point on the heater, and retarders fitted to the tubes for one 
series of tests. 

The air cock was attached when it was found that con- 
sistent results could not be obtained for any two consecutive 
runs. This inconsistency was believed to be due to air col- 
lecting in the top of the heater and blanketing a portion of the 
tube-heating surface, which was borne out by later results 
after attaching the air cock. This collecting of air is be- 
lieved to be the cause of the irregularities in the results of 
the tests previously reported. 

Annealed copper strips 2 inch wide and 0.0268 inch thick 
were twisted into a spiral of 6 inches pitch, and run through 
all the tubes to act as retarders. 

The first test was run with the inlet temperature corre- 
sponding to the temperature of the river water (about 80 
degrees F.) ; the outlet temperature from this test being used 
as the inlet temperature of the second test, and so on until an 
outlet temperature of 208 degrees was reached. ‘The tests 
could be carried no further, as the only feed tank available, 
with a capacity to handle such quantities of water, was an 
open one, and temperatures above this point caused the genera- 
tion of too much steam. 

Results of Tests—The results of the tests are given in the 
accompanying tables. From these results it would appear that 
the use of retarders increased the heat transfer per hour per 
square foot of heating surface about 21.6 per cent. at the 
higher temperature differences, and about 28.9 per cent. at 
the lower temperature differences. 

The drop in pressure through the heater without retarders 
was 0.55 inch of mercury, and with retarders 0.98 inch of 
mercury, measured in each case by a differential mercury gage. 
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TEST OF FEED- 
(With velocity of 131 feet per minute, 





Test number. 
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Date, September, IgIT. 


« Duration of test, hours. 


« Room temperature, degrees F. 


| + Barometer, corrected. 


| 
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178543|172473| 75.0|108.2|/33.2|5726104'55|5943|19.46|24.28|252.6 


173815] 108.9|135.6|26. 7|4640861/50|4870)19. 48/24. 29|252.2 
170316|136.3/158.8|22.5|38321 10|50|3978/20, 10|24.67/267.5 
172199}158.8)176.5|17.7/3047922|50| 3208) 19. 52|24.37/255.2 
172293|175.6|189.6|14.0|24 12102) 50/2665/19. 70|24.46)/244.5 
170015|189.5|200.8/1 1.3/1921170,50|2278| 19.8024. 50|262.6 
169756|200. 1/208. 1 8.0) 


1358048}50|1802)19.95/24.45/243.4 


171988] 78.2/105.6|27.4|4712471|50|4997|19.29|24.23|246.7 
69966) 


104.3|128.8!24.5|4164167/55|4523)19.23/24.20|244.4 


172292|130.4|149.9|19.5|3359694|50|3744/ 19.47/24. 37|243.9 
170907|149.9 
169493) 167.9|182.3}1 
167225) 182.7/194. 1\I 
166061 
165857/|200, 5|206.8) 


_ 


66.9}17.0|2905419'53/3237|19.41/24 34/243.6 
4.4|2440699|50|2753/19.42/24.31/242.0 
1.4}1906365/55|2321/19. 30|24.24/242.2 

192.8)/200.5| 7.7|1278670/55/1748) 19. 20|24.21|245.2 
6.3) 1044899|50|1552)19.36/24.29/240.5 
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WATER HEATER. 
and steam pressure of 25 pounds absolute. ) 





Steam side. 


17). 


Pounds of dry steam condensed per sq. 


ft. of heating surface. 





perature 
, col, 


. 


, degrees F. 
k, degrees F. 
col. 17). 
per hour per sq. ft. heating 
gree mean tem 


per degree difference (temp. 
r de; 


due to press., 


at inlet, correspond- 


erature of outlet steam water 
condensed, pounds per hour. 
tubes (parallel to axis) feet per minute. 
Heat transfer per hour per sq. ft. of heat- 
(temp. due to press., col. 17) 
difference (temp. due to press, 
(86 square feet). 


ing to pressure 
to weighing tan 
ing surface, 


Mean temperature difference, geometrical 
surface, pe 


Temperature 

Degrees superheat. 

Equivalent dry saturated steam 
B.T.U.s unaccounted for. 

Component velocity of water through 
Heat transfer 

27 reduced to condensation per sq. ft. of 
tube surface 


Temp 
8 B.T.U.s rejected by steam. 


~ 

~ 
- 
oo 


19 


RETARDERS. 


238.44)14.16|231.7/57449796028) 18875|135.7| 397-1 |146.19| 443.99 |68.33/69. 

238.47|13.73|232-0|4705297|4937| 64436)137.4| 406.0 |116.34) 452.17 ate 
239. 34/28. 161232. 4|3870674|4063| 38564|135.4| 421.6 | 91.43) 475.10 |46.06|46.75 
238.65|16.55|231.8|3104702|3258| 56780\137.7| 432.7 | 70.80 487.98 |36.93/37.49 
238.86} 5.64|232. 112564663|2691|152561/138.4| 432.2 | 56.00] 488.24 |30.50/30.94 
238.95|23.65|233.6|2208589|23 18/2874 19|136.9| 431.7 | 43.58] 499.70 |26.27/26.56 
239.13] 4.27|232.5|1729902|1816|371854|137.4| 394.4 | 34.98] 440.07 |20.58]20.88 


RETARDERS. 


N» 
— 
nd 
N 
i 
w 
Nn 
> 
tb 
nn 
Nn 
roa) 
’ 
x 


28 

















238.33] 8.37 224.4|4852641/5091|140170/130.5| 333.6 |146.29] 365.14 |57.71 
2828 6.14 229.9|4362660/4577/|198493/130.0| 355.0 |121.70| 387.86 |51.88| ... 
238.65}. 5.25 232. 1|3602028/3780|242334/131.8} 351.8.| 98.09] 388.24 |42.85] ... 
238.58) 5.02 232.6/3112181/3265|/206762|131.4) 371.4 | 79.92) 412.08 |37.01] ... 
238.51) 3.49 233.8/2641448)2771|200749}131.0] 391.8 | 63.19] 437:82)/31.41} 
238.35] 3.85 233.9|2226976|2336|32061 1/129.8) 388.3 | 49.67] 435.06 |26.48} .. 
238.28] 6.92 233.0/1681279|1764|402609) 129. 2|'318.7 |} 41.49} 349.34 |19.99]_ «.. 
238.47 2.03 233.3 1488772) 1562/443873)129.4| 311,9 |, 34.71| 341.23 |17.71 
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From the curve of heat transfers, B.T.U.s per hour. per 
square foot of heating surface per degree mean temperature 
difference plotted against the temperature of the inlet water, 
it would appear that the critical temperature for heat transfer 
took place at about 190 degrees F., a8 from this point there is a 
decided drop in the ratio of transfers. 

From the data obtained on these tests the curves of design 
shown on plate V have been derived. These are based on a 
constant velocity of feed through the heater of 130 feet per 
minute. 





Plate V. 
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THE SUCCESSFUL OPERATION OF A SYSTEM OF 
SCIENTIFIC MANAGEMENT. 


By Ligut. FRanK W. Sreruinc, U. S. Navy, MEMBER. 


The object of this paper is to present the practical working 
and routine of a system of modern management .as applied, to 
a plant, and particularly to describe the planning and produc- 
tion, personnel, routirie, forms and cost keeping. ‘The system 
at this plant has been much simplified since its installation, re- 
sulting 'in a decrease in the non-preductive force, simplification 
and reduction in the numberof forms used, abandonment of 
the mnemonic classification of stores,(in this respect Iam 
firmly convinced that the mnemonic classification of . tools 
should: eventually be abandoned), and numerous other im- 
provements. The mnemonic classification of stores is im- 
practicable where a large variety is carried. 

In some cases it was found that functions performed by two 
men could be done by one, and in addition to reducing the non- 
productive force a move of forms was avoided, thus decreas- 
ing the planning time. All this developed as the planning de- 
partment force became expert and individually were —_ 
of performing more varied functions. 

In comparison with the other plants I have visited this one 
leaves a very strong impression of. thoroughness, simplicity, 
economy and success. Six weeks study of the working of their 
system confirms, my opinion. on all the above points. 

The system employed was originally installed by Mr. F. W. 
Taylor and contains:all of the essential elements of Mr..Tay- 
lor’s system. It has. been ‘modified..as experience and. neces- 
sity have dictated and has been simplified:to such-an extent,as 
to excite most favorable comment: » All changes, have-had, Mr. 
Taylor’s acquiescence. 
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DISTRIBUTION OF PERSONNEL. 


Productive force, in % of total of men employed....... 67 
Blanaing department. 37 65 66 52054 516 6)> 06 q41500 4] praete 5 
Draftsmen . . 2.04 je/sit soto vere be oa Rad's Sena 4558 pind eewns 15 


ORGANIZATION. 


(Chart I to be read concurrently. ) 

Superintendent.—Since the position of assistant superinten- 
dent has been abolished the superintendent’s functions have 
become very comprehensive, combining general management 
of planning, shop and production, with general superinten- 
dence of the planning for personnel. His executive power is 
in proportion to his functions, being absolute in the planning 
department, shops, shipping, employment and to a certain ex- 
tent in the pay department. 

Planning Department.—The function of the planning de- 
partment is to aid production by allotting the work, routing 
and laying it out, designating the tools to use, speeds, feeds, 
cuts, etc., to take on the machine, drawing and inspection cards 
numbers, and any other data that will facilitate production. 

Since the system was installed in this plant the planning 
department has been gradually reduced until no further re- 
duction is possible. The smallness of this department (7% of 
the size of the productive departments) impresses itself: at 
once. This reduction has been made possible. by gradually 
simplifying the original system, although the advocates of this 
system consider ‘it a paragon of simplicity. 

Comparing the planning department with one other very 
successful one in the same city, we find that, whereas this one 
has been reduced to '7% the other remains at about 35% of 
the productive shop force. The fact that both plants have 
been very successful induces thought. Even in scientific man- 
agement there are, apparently, many ways of arriving at the 
same ‘result, and: the old: arbitrary methods of ‘the: foremost 
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Chart 4. 




















“GEAR CuyTe’ 


Rayro HALERS 
+ 
Mus 







































































: Chart 1, 








170 SCIENTIFIC: MANAGEMENT. 


teachers must eventually make way for common-sense methods 
‘based on earnest thought and managerial ability. 

The first lecture on scientific management that I attended 
taught me that it must be “thus and so,” and that only a lim- 
ited few, four men, as I recollect, in this whole country, were 
thoroughly competent properly and successfully to initiate any 
company into the secret rites of this society. This was also 
impressed on me at some of the shops this summer. I have 
learned, however, that a real manager at the head of the sys- 
tem is the secret of ultimate success. The form of system, if 
there is a well formed plan behind it, will be a gradual evolu- 
tion depending upon the necessities of the plant. The system in 
itself cannot produce results with an incompetent personnel, 
whereas a manager of very high efficiency assisted by a com- 
petent staff will inevitably develop the most suitable system. 
This efficiency and competency must, however, be of a su- 
perlative order. : 

This is not intended to criticize scientific management or any 
particular system, but only to emphasize the point that the 
manager is the first requisite, that success is impossible if the 
manager is not mentally and temperamentally fitted to the 
work. 

The Planning Department Personnel.—This consists of — 

Planning department foreman, 
Piece-work and time-study clerk, 
Route clerk, 
Rate-setting clerk, 
Order-of-work clerk, 
Production and shipping clerk, 
Balance-of-stores clerk, 

and a number of clerks and assistants. 

Planning-Department Foreman.—The head of this plannirig 
department might be called the Planning-Department Fore- 
man. His function is to develop codrdination between the dif- 
‘ferent parts of the planning” department, and between this de- 
partment as a whole and the’ Shops, in such manner as to 
facilitate production. He decides all shop and planning-de- 
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partment questions which do not require the superintendent’s 
decision. He is in effect an assistant superintendent, and gen- 
eral planning room and shop foreman. 

Piece-Work and Time-Study Clerk.—This clerk does not 
fit into the routine of the planning room, as he has nothing to 
do with routing or handling orders as they go through. His 
functions are solely constructive. His principal duty is to 
superintend and extend the piece-work system in the plant. 
To this end he takes time studies from time to time, is continu- 
ally tabulating' data to simplify rating, constructs slide rules 
for new machines, and any other slide rules from the master 
slide rules, decides questions concerning piece-work, as for ex- 
ample, failure of a man to make an established standard time, 
etc. He is very essential to the system. 

The functions of the remainder of the planning-room clerks 
will be shown later as an order is followed through the de- 
partment. 

The clerks and assistants mentioned are : 

Clerk at issue window, issues the blue prints and instruc- 
tion cards. 

Assistant to rate-setting clerk. 

Assistant to order-of-work clerk. 

Assistant to production clerk. 

Three stenographers to typewrite orders, bills of: material, 
master time cards, etc. 

Two boys to sort cards by operations, make out stores and 
worked material issues slips, etc. 

Two boys at hectograph. 

One boy to assist shipping clerk. 

These clerks and assistants are all boys; who receive com- 
paratively low wages. 


GENERAL. 


All men inthe plarining department exéept' stenographers 
and boys, that is; all having important dtities; have come from 
the shops.’ They are practical shopmen who’ have developed 
into éxperts at their present positions. The value “of ‘their 
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knowledge of shop methods .is. obvious, in fact in most in- 
stances this knowledge is imperative. Furthermore these men 
are expert not only at their own billets but in all cases are con- 
versant with the work of the others. The system provides for 
progressive promotion throughout, which produces a versa- 
tility among. the planning-room force, tending towards co- 
ordination. 


THE SHOPS. 


(a) At the head of the machine shop, designated as D. M., 
is the machine shop foreman. Under him are the (1) gang 
bosses, who supervise groups of men, (2) the tool room, (3) 
the erecting and assembling gangs. Under the gang bosses are 
the workmen in groups. 

(b) The wrought shop, designated as D. W., is under the 
wrought-shop foreman. He has three separate groups under 
him, being, (1) contract-work gangs, who require practically 
no supervision, (2) piece-work gangs, such as riveters, who 
require little supervision, and (3) workmen on day work. 

(c) The pattern shop, designated as D. P., is under the pat- 
tern-shop foreman, who handles the men direct. 

The various foremen have, supervision over the machine 
tools in their shops. 

(d) The shop engineer has two different ecinaen 

(1) The repair and maintenance of buildings. He per- 
forms any engineering: work required about the plant due to 
alterations or extensions, and generally is responsible for the 
condition of the plant as the civil anager of the establish- 
ment. 

(2) The repair and:care of the seahdaey of ‘the plant, in- 
cluding belting and shafts. He issues all specifications for new 
machinery, designs jigs and special fixtures, etc. 

There is an assistant to the shop engineer. 

The wrought shop has its own planning department. This 
consists of but three men..., Most of the preliminary work pre- 
vious to, actual routing is, done! in the, machine-shop planning 
department; such-preliminary work is.copying bills of material; 
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initial routing of materials from source to shop destination, 
etc. The wrought shop routing is much simpler than that of 
the machine shop, because a number of items, which may cover 
pages of the bill of material, are routed through together, the 
same being assembled making one division, such as a hopper, 
casing, etc. 


OPERATION OF THE SYSTEM. 


It is intended to show the routine from the receipt of an 
order until the shipment of the finished material, and later the 
cost-keeping methods in the same manner. The charts should 
be followed closely with the text. The raison d’etre of a com- 
prehensive cost-keeping analysis is its close alliance to effi- 
cient and economical production. Without accurate cost keep- 
ing it is impossible to get a correct analysis of the business. 

Without a correct analysis the weak spots cannot be located 
with certainty, and we are left groping for our troubles and 
applying the remedies much as a horse doctor would treat a 
child. Cost keeping on jobs serves as a clinic by which we get 
information on treatment for future jobs. 


CREDIT AND ESTIMATE DEPARTMENTS. 


An order from a customer may be preceded by a request for 
an estimate, in which case it is referred to the estimate depart- 
ment, Copies of estimates furnished to customers are filed in 
this department. 

The function of the credit department is to investigate the 
credit of customers before making contracts. We have no 
analogy to this in the U. S. Navy. 


CLASSES OF ORDERS. 


For convenience of handling in the planning department 
and shops, job orders are divided into five classes. They are: 
(1) Engineering orders, which are orders that require new 
designing, or engineering work. In this case the order num- 
ber is preceded by a “ W” to idenify it. This class of order 
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is the closest analogy to those received in a navy yard, so it is 
treated at length later. 

(2) Regular orders, which are. orders. that do not need 
new designs as they are for articles already standardized. 
These can be sent through direct from the order department 
to the planning department and routed from the original order. 
These orders include orders for repairs of small parts, and 
even small orders requiring new designs, where the design can 
be made by sketch in the order department. The order num- 
ber in this case is preceded by an “ R.” 

(3) Silent orders, which are orders for silent gears and 
chain. These are in effect regular orders in their, routine 
handling. The order number is preceded by a “C.” This 
class of work is a specialty of the plant and, a separate account 
being desired for the class, a separate means of identifying the 
order is furnished by the prefixed letter. 

(4) Worked material orders for store. . These orders. are 
for the manufacture of standard articles to place in the stock 
of the storeroom. They do not emanate from the contract 
department, as do the previous three classes of orders, but 
from the balance-of-stores clerk, as a requisition. Approval 
by the superintendent makes this requisition an order. The 
order number is preceded by a “ Y.” 

The engineering “ W” order, being the most comprehensive 
in its routine, and being most analogous to navy-yard work, 
will be treated at length and the variations of routine of the 
other orders will be pointed out later. The forms used are 
numbered serially. In many cases the functions of any par- 
ticular clerk or the data involved in a form will be explained 
later in the text to avoid undue digression from the main 
routine of the order. 

In most cases of an engineering order “ W”’ an estimate is 
requested. In these cases Forms 1 and 2 (serial numbers) are 
used to make up the estimate, and are filed in the estimate de- 
partment. Data for making up the estimate is obtained from 
parts of previous similar orders, from stores and worked ma- 
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terial cost prices, and from many other sources. This work 
is preliminary to the receipt of an order. 


ENGINEERING ORDER. 


(Chart II to be read concurrently. ) 


Upon receipt in the contract department of an order from a 
customer, if it cannot be handled as a regular order it is sent 
to the engineering department of the contract department. The 
customer’s order is here transferred to Form 3 (B126) and 
sent to the drafting room where necessary drawings are made. 

Drafting. Room.—This department, designated by symbol 
D. D. (department drawing) with a personnel of about 15% 
of the total, prepares all drawings for this plant. The per- 
sonnel consists of one chief draftsman, with an assistant chief 
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draftsman, and'a number of boss draftsmen. . The remaining 
draftsmen are divided up into groups of three draftsmen,) one 
group under each*boss. When: an order reaches this) depart- 
ment it' is turned over to:one’ or more bosses, depending upon 
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the size of the order. These bosses with their assistants pre- 
pare the necessary drawings. The chief draftsman or his as- 
sistant gives necessary instructions and from time: to, time 
furnishes necessary. information or settles any engineering 
point involved and, in general, supervises the work. 

As the drawings progress rough bills of material, Form 4 
(D. D. 15) are written concurrently. The bills of material 
contain full description of every part of the job, with all 
necessary dimensions to manufacture such parts. These parts 
are numbered consecutively (in column ‘“‘ Mark”), the reason 
for which will appear later. All columns of Form 4 except the 
last three are filled’out in this department.. In most cases 
many sheets of Form 4 are required for one order. 

As the rough bills of material are completed they are type- 
written in hectograph ink on Form 5 (D. D. 14), which is 
printed in the same ink and the smooth copies of bills of ma- 
terial, Form 5, are sent to the planning department, the rough 
copy, Form 4, being retained on file in D. D. Tracings and 
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the necessary blue prints are made from the drawings. The 
prints are made by the photographic department on order, 
Form 6, of the chief draftsman. The tracings are filed in the 
vaults, the drawings go to the route clerk to aid routing. 


PLANNING DEPARTMENT. 


(See diagram, page 182.) 

The smooth bill of material is received in this department 
by the balance-of-stores clerk, who fills out the next to last 
column. This shows the source of the material to be used for 
each item, according to the following symbols: 

S—From storeroom. 

W—Worked material from storeroom. 
F—Foundry, castings. 

P—Purchase department, on purchase order. 
S°—Stock order. 

Y—Made on Y order. 

In the last case the serial number of the “ Y” order follows 
the symbol “ Y.” 

From the balance-of-stores clerk the bill of material goes 
to the route clerk, who fills out the last column, showing des- 
tination of the material to be used for each item by the fol- 
lowing symbols: 

D. M.—Machine shop. 

D. W.—Wrought shop. 

D. P.—Pattern ‘shop. 

C. W.—Shipping room. 
D.—To customer direct. 

All the notations are made with copy pencil. The smooth 
bill of material is now sent to the purchase department, where 
purchase orders, Form 7 (B1), are made for all articles 
marked “ P,” purchase, in next to last column. This purchase 
order is made out in quintuplicate with a tickler for file in the 
purchase department. The use of the tickler will be explained 
later. The various copies of Form 7 are distributed as fol- 
lows: 

Original—to agent from whom purchase is made. 
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Two copies—filed in purchase department, one numerically 
and one alphabetically. 





REQUISITIONER 
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COMPANY 
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Form 7. 


This form is in quintuplicate on different colored sheets and Tickler Form 7a. 


One copy—to receiving room. 

One copy—to balance-of-stores clerk. 

One copy—to auditor. 

Tickler—filed in purchase department tickler. 

The purchase department enters the purchase order number 
in copy pencil on the bill of material opposite the letter signi- 
fying that the material is ‘to be purchased. This is done so 
that the various departments can refer to the material by pur- 
chase-order number when looking up material due, etc. 
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Form 7a.—TicKLER. 


The smooth bilhbof material is now returned to the planning 
department, where a number of hectograph copies are made 
to be distributed as follows: 

~~ D.M. Route clerk. 
D. W. Route clerk. 
D. M. Inspector. 
D. W. Inspector. 
Cost department. 
Shipping room, symbol C. W. 
Production clerk. 
Foundry. 
Drawing room. 
Main or erection-floor boss. 
Planning room. 
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ARRANGEMENT OF PLANNING DEPARTMENT. 





Obviously if there is no foundry or wrought-shop work in- 
dicated on the bill of material this copy is omitted. The orig- 
inal bill of material is now returned to file D. D. (drafting 
room). Form 8 (copy D. D. 14) shows a copy of the 18th 
sheet of bill of material for order W248, This is the copy 
to the D. M. route clerk. 

Items marked in column “ to,” as D. M. (last column), re- 
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as follows: 
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Item A235 calls for (Forf 8) one shaft 2 7/16” didmeter, 
3’ 10” long, plain... This shafting is carried in stock, in gp 
tity. It is routed on the route sheet, Form 9 (AP109), i 
first column as follows: operation 1, C— cut off, on lathe 1a. 
operation 2, FS eee operation 3, C. W-—an ans: fe ship- 
ping room. 

Item 239 calls fot (Form 8) a sprocket #103 (44103 re- 
fers to a standard pattern) having 2314” pitch diameter and 
24 teeth.- The casting is made cored to 2’” diameter; hub di- 
mensions 5” 2” x 5”; two set screws. It is‘ titted in 
column 2, Forni’'9, as 1blIGs : G—grind (teeth) ; B—bore 
(hub), on lathe 12 (1-12) ; $, S.—drill and tap for set,screws 
on drill press 17 (D~17) ; inspect ; C. W—to shipping room. 

Item A245 calls for one shaft 2 7/16” diameter 31914” 
long, with two key seats 6” long with location of: key :seats 
given. It is routed as follows: C—cut off, at lathe 14L; 
M—unill, at 4M, for key seat ;-A—assemble at key-seat bench ; 
I—inspect; C. W.—to shipping room. The “ assemble’’ re- 
ferred to consists of assembling items 4 and 5 on shaft, item 
Mark A245. ss 

Item A249 calls for. the: same as A239 except a*key seat is 
cut at 2K and the sprocket then goes to key-seat bench to be 
assembled on A245. 

Item A250 {Form 8) calls for one bevel gear; 19.51”- ditch 
diameter, 49% teeth; “huly dimerision given; “to, be ‘bored to 
27/16” to fit shaft A240, ‘key seated and’two sé Stews, It 
is routed, lastqitem, Fort @yas follows: Bore at 12L; face 
hub at 14L; key seat at 2K; drill and tap for set screws at 
17D; clean teeth on-snain » sfloor (mecessaty when teeth | are 
cast ) ; assemble: en AR45 ath Rey bee boosh sper shipping 
room. 

Form 9a shows most of the sjatibots ased in routing, If 
blue prints were used by the route*clerk to aid routing, they 
are now filed at the issue window for. issue to the workmen. 

The route sheet is clipped to-the copy-of bill of material, and 
serit to a copy boy who prepares master time cards for each 
item, showing item No., No, of. pieces ordered, description, 
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A. 
B. 
BB, 
c. 
Ct. 
F 


P-F. 
S-F. 
T-F, 
A-F. 


a 
RB. 
FB. 


R-T. 
F-T, 


D. 
L. 
SP. 
K. 


Assemble. 
Bore. 

Babbitt. 

Cut. 

Cut teeth. 
Face. 

Pin flanges. 
Shrink flanges. 
Turn flanges. 
Assemble flanges. 
Turn. 

Rough bore. 
Finish. bore. 
Rough turn. 
Finish turn. 
Drill. 


Layout. 
Split. 
Keyseat. 
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SS. Setscrew. 
SAW. Saw. 
M. Mill. 
CP. Chip. 
FT. Fit. 
AD. Assemble and drill. 
Rm. Ream. 
P. Plane. 
Tp. Tap. 
OG. Oil groove. 
G. Grind. 
I. Inspect. 
CB. Counterbore. 
FT-JWS. Fit jaws. 
CL. Clean. 
Th. Thread. 
Cen, Center. 
Csk. Countersunk. 


Form No. 9a.—Tuis 1s Not A FORM USED IN THE PLANT, BUT SIMPLY 
A List OF THE MNEMONIC SYMBOLS USED IN ROUTING. 
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Form 11,—Rovurts Tac. 
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Form 12.—SrorEs Issuk Sip. 
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Form 13.—Time Carp. 
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Form 13.—REVERSE oF TIME CARD. 
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Form 15.—MoveE CarRD. 
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source of material and operation to»perform,.. Form 10 
(AP148) shows the master time card for item A245. This is 
made of hectograph ink anda copy boy makes the following 
copies : 


1 rgate'm@gen SY. Form 11<(DM5). 
1 stores issue...... <Forin 12) (©S108). 
and for each operation. 
ee Form 13 (DM148). 
Group. J Tshappards’.’.<".4-° ') 2. Form {4 (DM148A ). 
‘€ Dniove card's) .. », .....Borm Ma(DM448A). 


The required number of cards being made out, the master 
time card is destroyed. The cards are sorted and clipped into 
groups as above, one group for each operation. The opera- 
tions are numbered in pencil.’ The route tag and stores-issue 
slip are clipped to the cards of the first operation. In the or- 
der under consideration operations 1, 2 and 4 do not require 
shop copies, as these machines work on summary work, which 
will be explained later,. , Also operations 3 and 4 do not require 
move cards, because operations 4 and 5 are performed at the 
same place as operation 3. 

After the necessary Cards are made out the route sheet is 
filed at the order-of-work clerk’s desk, where a record of the 
progress of work is kept. The copy of bill of material goes 
to a clerk who makes out'\ the necessary stores-issue and 
worked-material issue slips for such items as are drawn from 
storeroom to go to C. W. (shipping room). Referring to 
Form 8, items A230, A237 and A248, are stores issued to 
C. W., and A236, A238 and A247 are worked materials issued 
to C. W. The former are made out on Form 12 and the latter 
on 17. 

The forms for stores-issue and worked-material issue (for 
articles whose destination is'C. W.) are sent to the shipping 
room, C. W.; and when the articles are desired for shipment 
the forms are sent to the storeroom, where they are exchanged 
for the desired articles. 
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css WORKED MATERIALS TAG RO. CHARGE SYMBOL 
QUANTITY UNIT TOTAL WEIGHT TOTAL VALUG 
OESCRIPTION 
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STOREKEEPER Do NoF Fit OUT bce 
NAME FOR .ORD- 
€RS ON STORE- 
mR. KEEPER, aes 
PLease issue Apove {| JO 
SIGNED-BY MAN FOR WHOM W.'M, ARE ISSUED. A s 
TAG |; warenate seat “WORKED wavinins bescrisgo asove 
i | ? 
: P | ‘sighuo BYBtORExcePeR’ 
‘OR HIS REF 
| i 
Form 17.—WorKED MATERIAL, ISSUE SLIP. . 
NUMBER CHARGE SYMBOL 
SHAFT SKETCH |... pices 
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NOTE-MARK OPPOSITE EACH KEY IF THE WHEEL 1€ A GEAR, PINION, OR 
SPROCKET AND GIVE BILL OF MATERIAL MARR OF SAME. 
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The storekeeper, after making the necessary memorandum 
of issue om his*tag (see bottom of Form 12), serids the slips 
to the cost department, where the issue is entered on the bal- 
ance-of-stores sheet and cost sheet. 

In the case of all shafting items, except plain shaft, a line 
sketch, Form 18, showing position and character of key seats, 
accompanies the time card for the milling operation. 

All time cards, together with shop copy and move cards, 
which are clipped to them, go to the rate clerk to be rated. 
This consists in posting on the back of the time card the neces- 
sary data re time and pay (explained, later), the). tools, cuts, 
feeds, speeds, etc., instruction card “and drawing. numbers. 
Some of these are shown on-the time cards, front and back, of 
A245 operation 1.-.The tags are sent to the receiving room 
and secured to the material called for by the stores-issue slip, 
or if the material is not from the store then the. tag is secured 
to the material upon.receipt...In the case of A239, A249 and 
A250, the foundry tag is destroyed when the casting is re- 
ceived and the route tag is substituted. . In the, case of A235 
and A245 slips of stores issued, Form 12, are sent to the store- 
room, and tags, Form 11, accompanying them are attached to 
shafting.as.soon as| it is cut to length. »Theoretically. the tag 
is attached before the material leaves the storeroom. 

In the* mearititie ‘the. Slips for “all .operations have been 
placed in the receiving box. As soon as the material is re- 
ceived in the storeroom or receiving room and tagged a noti- 
fication is sent to the order-of-work clerk, who. posts the time 
and move cards of the first_operation on the bulletin board, 


and ithe shop copy on thesshop-baltetin. board, if. thie“machine 
designated for the first operation has a shop board. 


The cards, for all other operations are placed in ie segpatdler 
ing box, jn_s@quence by.order nuimbers,——---*- 
On the bulletin board are two sets of hooks for each mla- 


earhing ‘arranged in the sequence in W hictt they are to hes per- 


formed, , ‘The.top card represents the,job,that theman is-work- 
ing on. Catds On tHe’ lower Hodk’tépresent ‘jobs at the ma- 











SCLENTIFIC, MANAGEMENT. 193 


chine, but the sequence in which the; jobs, are to be performed 
has not been determined. The precedence of the slips, on the 
upper hook is regulated by, the order-of-work clerk to, be in 
accordance with the order of shipping dates. of the various 
jobs. as obtained from the shipping boards; in the planning 
room. a 

The material is moved from the receiving room to,the ma- 
chine shown on the tag under first operation. 

The receipt of material in the shop signifies to the order-of- 
work clerk that the material is at.the machine, and the order 
in which it is tovbe done is now arranged; when the man has 
completed one job the tool boy goes to the time-card window, 
turns in the card for the finished job and receives a card for 
the next job, posted..on,the planning-room, bulletin board, a 
duplicate of which shows on the-machine. bulletin board in the 
shop. 

The boy also goes to the issue window for instruction card 
and drawing, if.such are designated. Any special tools re- 
quired are also drawn for the man by the tool boy on the man’s 
check. When the time card is issued the time is stamped in 
hours and hundredths of hours (upper left corner) “ out.” 
The job being completed the card is turned in to the order-of- 
work clerk and the time again stamped on the card (upper 
left corner) “in.” The difference between the two is the time 
of the job. 

The shop bulletin board has a number of hooks in a ver- 
tical row for the jobs ahead of the machine so a man can see 
all of them. As soon as the operation is completed the move 
card is taken from the planning-room bulletin board and given 
to the move gang, who move the material to the machine desig- 
nated on tag for the second operation. At the same time cards 
for the second operation are posted, as were the previous ones, 
and the same routine followed. When the work is moved the 
move card is returned to the order-of-work clerk, who checks 
the operation as completed on the route sheet (see Form 9) 
by drawing a blue vertical line opposite the operation con- 
cerned and noting the date. The move card is then destroyed. 

13 
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When all operations are completed, and after the work is 
inspected in the shipping room, Form 19 (AP7) is made out 
and sent to the order-of-work clerk. The blue line on the 
route sheet is then extended to the bottom of the sheet and the 
date of inspection is stamped on the route sheet. The order- 
of-work clerk initials under column “ Route Sheet’? on Form 
19. The route sheet under consideration shows state of work 
on sheet to be as follows: A235 finished and inspected in C. W. 
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Form 19.—INnspEcror’s SLIP. 





9/12/11; A239 ready for inspection; A245 went to key-seat- 
ing bench 9/12/11, being chipped and fitted; A249 went to 
key-seating bench 9/13/11, and is being assembled to A245:; 
A250 went to main floor 9/13/11, and teeth are being cleaned. 

After the time of finishing the job has been stamped upon 
the time card it is filed by the order-of-work clerk in a box 
which has compartments for the different classes of machines. 
These cards are turned into the cost department daily, and the 
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man receives a daily statement of his earnings for the pre- 
vious day. 

Daily all route sheets on which all items have been com- 
pleted and inspected are taken from the files and sent to the 
superintendent, and a notification of these jobs and sheet num- 
bers are sent to the production clerk for his information. 

When an operation is completed the shop bulletin board 
copy is checked and destroyed by the order-of-work clerk; all 
other slips on the board are then moved up a peg. 

This is the ordinary procedure for an engineering order as 
illustrated by Chart II (page 176). In case of work in the 
wrought shop the routing, etc., is handled by the D. W. route 
clerk, and a similar procedure takes place. he proposition 
is much simpler, due to the nature of the work handled. 

Considerable contract work is done in this department, and 
the time card and shop copy are Form 20. In cases of piece 











aioe CHARGE EXCESS TO 
pepartment DW ° ae 
DATE STARTED 
PIECE WORK 
CONTRACT JOB |) UAE Bie » IN CHARGE OF 
NO. D\W. coogepodedcaeap 3 DATE. FINIGHED 











DESCRIPTION OF WORK TO BE DONE 





TOTAL 
CONTRACT PRICE 





DAY WAGES 
ADVANCED 





EXCES6 TO BE 
DISTRIBUTED 








EXCESS TO BE OISTRIBUTED 
—_— 





DAY WAGES ADVANCED 











tes seeseee seenecetenserseerereernes EXCESS RATIO 
| HAVE INSPECTED THE WORK DONE ON THIS CONTRACT JOB AND HAVE PASSED ON THE © 


| pay cour | ae a SAME AS BEING SATISFACTORY 
a | SHEET 6HEeT 











SIGNEO BY 
INSPECTOR OR 
t 


rN preret se ee CONTRACT JOB 


Form 20.—Timr Carp FOR CONTRACT WORK. 











In duplicate—original, white; duplicate manila. 
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EXC! 


: WAGES 
DW no. WORKMAN'S NAME ADVANCED | | DISTAVBGSION 





TOTAL DAY WAGES 
ADVANCED 


TOTAL EXCESS 
DISTRIBUTION 
TO BE CHARGED 


Form 20.—REVERSE OF DUPLICATE. 


work, premium or day work the card is similar to that used 
in D. M. 


CLASSES OF WORK ACCORDING TO PAY. 


(1) Piece work, with high and low rate. 
(2) Premium work. 

(3) Day. work. 

(4) Contract work. 

Piece Work.—The ultimate aim, in order that employer 
and employee may profit the maximum, is the piece-work sys- 
tem with high and low rate. When this system is employed 
the workman benefits in wages by any increase of output and 
the company benefits by increase of production per machine. 
This is the perfection of sliding-scale bonus. In order that 
piece work may be employed the standard piece-work time 
must be absolutely correct and fair for the average workman. 
The piece-work rate, once established, cannot be “ cut.” This 
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must always be borne in mind, as cutting of rates is invariably 
followed by discontent among the workmen and spells dis- 
aster to the success of the system., These standard times are 
being added to daily; at present there are more than 10,000 
such times established here, and of course many more can be 
deduced from parts or combinations of parts of these. In 
cases where these times have been established the man is paid 
a certain fixed rate per finished piece, the high rate if finished 
under thé minimum time allowed, the low rate if he exceeds 
this time. These high and low rates are determined from a 
base rate as follows: 

The base rate == the average pay in the neighborhood for 
work on the class of machine to be operated. 

High rate = 1.35 of the base rate (35% bonus). : 

Low rate== 5/6 X high rate (12%% bonus); but, if the 
man makes. low rate, with the-increased time the man’s output 
is lowered, and consequently his total pay is lowered. If he 
falls just below the time allowed he would still get a little over 
what he could make at straight day rate. If he runs much 
over the time allowed he loses considerably. However, it is 
very rare in this plant for a man to run over the minimum 
time without good reason. In case of unusually hard metal 
or any valid cause the man is given high rate, and'in case of 
new men who have been employed less than six months, they 
get a guaranteed day rate if they fail to make high rate. 

In the case of a man working at a machine which has a 
base rate higher than his own base rate, determined by his 
usual machine, he would be paid on the higher base rate’ basis. 
If a man work at a machine which has a lower base rate than 
his own he would get the base rate of the machine + a retain- 
er fee per hour of (his rate — the base rate). 

Example:—Base rate 20¢ 


High ” 27%¢ 1.35 x .20 
Low ” .22U%¢== 5/6 X..27 


If an 18¢ man work on this job he gets paid on the 20¢ 
base rate. . 
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If a 22¢ man work on this job he gets paid on the 20¢ base 
rate, and in addition there is added to his day‘s earnings 2¢ 
per hour (called 2¢ retainer) for all his working time. The 
form for this will be shown later. 

Premium Work.—Where a piece-work rate has not been ac- 
curately established the work is placed on the premium basis. 
Such work is chipping and fitting, assembling wheels on shafts, 
etc. By this system an estimated time allowance is placed on 
the job. The pay is at a fixed hourly rate. If the man exceed 
the time allowed he is paid his hourly rate for his actual work- 
ing time. If he does the job in less than the allowed time he 
is paid for his actual working time + ™% (the difference be- 
tween the time allowed and his actual working time). In 
other words, he gets a bonus of 4 the time he saves on an es- 
timated time. This gives the fast workman a bonus over the 
average worker, without doing harm to the slower worker. 

Day Work.—Day work is straight pay on a hourly basis. 
This is applied to movemen, laborers, and for work on which 
no time can be estimated. 

Contract Work.—Work is paid for under this scale as fol- 
lows: A large job in the truss shop, such as assembling and 
riveting a tank, is farmed out to a boss workman who will 
have several men—say a riveting gang—under him. These 
men all have established day rates. A contract price is placed 
on the job. This price is distributed in proportion to the hourly 
rates of the several men. The men are paid daily as follows: 
Each day the men receive their daily pay according to their 
hourly rate until the total contract price is paid out. Should 
the contract be completed before the total contract price is paid 
out an excess remains to be distributed among the men pro 
rata on their daily rate. 

Example.—Suppose a tank to be assembled and riveted, 
contract price $40.00. 

Men employed : 


Boss at $5.00 day. 
Helper at 3.00 day. 
Helper at 2.00 day. 
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If this job were completed in three days the several amounts 
paid to date of completion would be: 





| PAPER Ro) wearers $15.00 
RP 9.00 
Pere 6.00 

30.00 


Excess to be distributed.. 10.00 


Excess to be distributed 10 1 , 
f = —_ —=— = excess ratio. 
Total days wages paid 30 38 


Excess for each man. 


Boss YX $15 = $5 
1st helper 4 X $9—$3 
2d helper 44 X $6= $2 





See Form 20. 


Should the men draw the total contract price before the job 
is completed the hourly rate is continued as long as the job is 
in hand. It is a rare case in which the job is not finished be- 
fore this time. Cases of palpable error in underestimating 
contract price are subject to readjustment. 

Cases of readjustments on pay of men are very rare. Un- 
usually hard metal making a large cutting time, clerical errors, 
and new men are the only causes that arise. Fairness and con- 
tentment mark the working of the system at this plant. Dur- 
ing a seven-week period under observation but one case arose 
where a man got low rate on piece work. 

The installation of this system was very gradual. A few 
of the best workmen were put on piece work, the rate on which 
had been very carefully established by time study. As-soon 
as it was apparent to the other men that those on piece work 
were consistently making more than they could make at their 
day rate, request for piece work came from the men them- 
selves. 

Route Clerk.—The route clerk must be a practical shop 
man, thoroughly conversant with the capacities of machines 
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and of men and’ with general shop ‘practices. A tabulated 
form showing the capacities of the machines is originally pre- 
pared, but the route clerk must be conversant with this data to 
successfully route. He must place the work at the machine 
which will handle it most efficiently and quickly. He must be 
in touch with the general condition of work at the different 
machines so as to distribute the work to best advantage. 

Often two operations can be performed. simultaneously, 
such as boring a hub and rough turning the flange of a wheel. 
He must decide whether to do these as one or two operations, 
being governed by the work at the various machines, ‘ete. ' The 
combinations and possible varieties of routing that. pass 
through his hands are many, and his is a billet that requires 
knowledge from experience. Routing of items which are 
often repeated becomes almost automatic. 

The route clerk keeps a card index in which he makes a 
memorandum of the route of any new item. This forms a 
ready reference for similar items, until such time as he be- 
comes thoroughly familiar with their routing. 

Many items, such as gears, etc., are standardized. ‘Tables 
are prepared for all of these showing the several dimensions. 
In this case the item is often identified by a number, thus: 23” 
sprocket #4103. From the standard tables all dimensions can 
be obtained. 

For engineering jobs the blue prints are sent to the route 
clerk with the B. M. This is necessary to routing, as the in- 
terrelation of parts, the dimensions, etc., are thus obtained. 

Rate-Setting Clerk, Instruction Cards:and Drawings.—The 
rate-setting clerk determines the class pay for a job: He 
places the time allowed for preparation, and per: piece. Prepa- 
ration time is allowed on the first piece only where the piece 
work is used. The base, high and low rate are also placed on 
the card» ‘An omnimeter having fixed lines on:the marker is 
employed to determine various rates and'to determine the pay 
per piece. The class of pay, allowed times, etc., are found 
from instruction cards: 

Instruction Cards.—Thereé are two sets of these cards, one 











SCIENTIFIC, MANAGEMENT. 201 


filed by class of work fof €hé rate-setting clerk’s use, the other 
filed serially for-issue to the workmen. The instruction*¢ard 
numbers and drawing numbers are ‘idted ‘on the time card. 
When needed by the workmen they are drawn from an issue 
window _on workmen’s checks... The .cut,..feed,speed,..ma- 
chiné time, etc., are placed on the time cards. ‘These are ob- 
tained from the instruction cards or, if unknown, can be com- 
puted by slide rules. A master slide rule is prepared for each 
class of machine, and slides to fit these master rules are pre- 
pared for each machine of the class. 

Balance-of-Stores Clerk.—The principal function of the 
balance-of-stores clerk, as his name implies, is to keep a balance 
of the stores on hand in the storeroom. This is done on Form 
21, balance-of-stores sheet, as follows: Each class of stores has 


BALANCE OF STORES SHEET oa ene 
(MAME OF ITEM. ~ 


‘ORDERED RECEIVED Tesuco CS “avaNUs 
weer on | 


























wee smce} com | cneure Scceteal Monell Memmeedd 


Form 21,.—BALANCE. OF STORES SHEET, 







































































its own sheet showing name of item, minimum stock allowed, 
quantity to order at one time, and columns: ordered, received, 
balance on hand, applied on orders, and available. 

The sheet, Form 21, is kept as follows: 

When stores are ordered they are entered with date, quan- 
tity and purchase-order number in the, first‘column. Upon.re- 
ceipt a vertical line is entered after the quantity ordered and 
the same quantity is entered:in the second column. Stores are 
ordéréd either on requisition, Form 22, on purchase depart- 
ment, if for ‘storés, or by “ Y”"ordéf; Form 23, if for Worked 
material for store::~ Inveither: case’ thé ‘requisition or order 
emanates from the balance-of-stores clerk, when the amount 
available is less than the minimum stock per his balanee ‘sheet. 
Its approval by the superintendent is authority*to purchase in 
the former case and for ee at the plant‘ in _ case 
of a “ Y” order.’ : 
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re 57753 
REQUISITION no... fi bdeo 
DEPARTMENT. ‘ MONTH baY_... 19. 
TO THE PURCHASING AGENT: 
PLEASE ORDER THE FOLLOWING FOR 
TAG. NUMBER DESCRIPTION NET PRIOR PER 
WANTED, MONTH ___Day__-10 __ 
SIGNED. ‘ 
ACQUIOITIONER 
STOREKEEPER'’S ENDORSEMENT: APPROVED, 
WOT IN STORES 
OVER 
~ : SAS) 6y 
PURC OF. 
WANTED : 
F. 0. 8. __TO BE SHIPPED, MONTH OAY 19. VAL = 
SIGNED. 








PURCHASE ORDER NO, 





WITTEN. MONTH ___OAY____19 _, BY. 


Form 22.—REQUISITION FOR STORES. 


Receipts.—In the case of a purchase order, as stated pre- 
viously,.the receiving room is furnished with a copy of the 


purchase order. When the stores are received in 


room, a notification form is sent to the balance-of-stores clerk 


the store- 
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Y-ORDER 


SYNOPSIS OF CONTENTS. 


Form 23. 


and at the same time the quantity received is entered on the bin 
tag, Form 24, of the receiving bin. 

In the case of a ““ Y” order the same procedure: follows, 
except that Form 25 is sent by the receiving room to report 
receipt to the balance-of-stores clerk. 


Lf Qasr 
[were 
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Form 24.—Bin Tac. ' Form 24.—REVERSE. 
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{se yr} 


WORKED MATERIALS RECEIVED Pichi Cee 








UNIT i TOTAL VALUE 
! 


PIECES LOST 
I 





PIECES SCRAPPED 
THE STOREKEEPER WILL NOT ENTER ANY 


PIECES DAMAGED VALUES ON WORKED MATERIAL TAGS IN 
STORES NOR ON THIS SHEET. 








PIECES 0. K. 





TOTAL GOOD- PIECES TOTAL WEIGHT MONTH pay YEAR 
ie 0.48 STORES 

















: LBs, 191 
1 HAVE RECEIVED THE ABOVE WORKED MATERIALS IN STORES AND HAVE TIED WORKED 
MATERIALS TAG ON THEM AND ENTERED THE TY RE ED ON THAT TAG 


e. / 
Wa i ae 
{ x 
\ A, 


TAGS BALANCE i : ATURE OF STOREKEEPER 
SHEET H OR HIG REPRESENTATIVE 


| | 


Form 25.—SToOREKEEPER’S RECEIPT. 
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= 
hs 











<= 


St 
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SIGNATURE OF INGPECTOR WHO . 
DELIVERS GOODS TO STORE. 

















Debits—When a bill of material goes through the balance- 
of-stores clerk’s hands and he designates origin of items as 
“stores” he debits under column “Applied on Orders,” all 
such stores. 

After the stores are actually drawn, that is, when he receives 

“slips, Form 12 or 17, he debits column “Issued,” enters. bal- 
ance on hand and draws vertical line opposite stores affected 
under column “Applied” On Orders.’’ ..When. the. quantity 
“ Balance on Hand” minus quantity “Applied on Orders” but 
not-actuallyissued,; becomes less than. quantity “ Minimum 
Stock” a new requisition must be made out. If stores or 
worked.material.are turned. into storeroom from a job, slips, 
Form 26 or 27, are’sent 'to balance-of-stores clerk, who credits 
under column “ Received.” 
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a cREON 


ORDER NO. 





Sweet No.| MARK DRAWING NO. PATTERN NO. 











No. Pcs Dex'o 





DATE WRITTEN 








STORES CREDIT | 





NOTE: FINISHED propucr OF DM-DC OR DW wer NOT BE REPORTED 




















‘© STORES UPON THIS FORM 
DATE RECEIVED QUANTITY PRICE PER UNIT TOTAL VALUE 
IN STORES 
PIECES PIECE 
Feet Foor 
POUNDS, POUND 
BAL. cost m 
TAG sueet | sneer | OROER | wae Tom 











RECEIVED IN STORES BY 











Form 26.—StTorxEs CREDIT SLIP. 





cot? WORKEO MATERIALS TAG No. 





1 CREDIT ORDER No. 
| 
i 

QUANTITY 





| UNIT | : | TOTAL VALUE 
' 
| 


WORKED MATERIALS GREDIT ==), 


! 49 























PLEASE CREDIT WORKED MATERIALS ORDER NO. _______-_.___. 


WITH 














AND CHARGE T0 

















DIRECT LABOR || | EXPENSE | 
| 
| 





SHOP EXPENSE || STORES su 

i 

i tj 

1 HAVE RECEIVED THE ABOVE WORKED MATERIALS IN WORKED WATERIAL STORES. AND HAVE TIED 
— MATERIALS TAG ON THEM ANO ENTERED me QUANTITY RECEIVED ON THAT TAG 


j leano O.K.} 818. OF inspector | 
mr | oer H ot | 3HoP WHO OELIVERS 
ai ante 1. ! orrce maqesy ve" vo events 











BIGNATURE OF 6TOREKEEPER 


OR HIS REPRESENTATIVE 








[nx Oe, casey | 
por ihedecoues I 


Form 27.—WoRKED MATERIALS CREDIT SLIP. 
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The balance-of-stores sheet, Form 21a, p. 206, under discus- 
sion reads minimum stock allowed 3000 8/7/11—5000 ordered 
on purchase order No. 84732. Same received 8/17/11. 
9/18/11—7500 ordered on “ Y” order #8246, not yet re- 
ceived—8/21/11—50 turned in on credit slip. 8/17/11—3 
issued to regular order 67592 and 8/19/11—200 to engineer- 
ing order #3094. Balance on hand 8/21/11, 4847. Quantity 
applied on orders in hand in shops 3700. Quantity available 
for issue 1147. A new requisition must be made at once, as 
this quantity is less than minimum. Obviously the 3700 that 
are reserved for jobs under way in the shops cannot be avail- 
able for future orders. When performing functions pertain- 
ing to stores the balance-of-stores clerk is technically in the 
cost department. 


RECEIVING AND STORE ROOM. 


Receiving.—Stores may be issued from three sources: (1) 
Purchased, (2) Worked material made in plant, (3) Foun- 
dry, which is a form of purchase. 

In case (1) the storekeeper is furnished a copy of the pur- 
chase order. Upon receipt of stores he checks up this order 
and notifies balance-of-stores clerk of receipt of stores by form 


4 pAez2 = 




































































C8 27-:90M 12-10 
ORDER Noe ‘ 1 cee 1 oe 
MARK 
QUAN 
PATT NO. OF PIECES 
SIZE JenenoneahOTS, LOT NO. 
DESCRIPTION FROM 

mspscror | canc soss | "TT eat wun cura 

MUST SHIP. 





























Form 28.—JosB ORDER Tac. Form 29.—Founpry Tac. 
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i 
| 
| 
i 
t 
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and enters‘ quatitity on receiving“bin tag, Form 24, if stores 
go into bin, or attaches a bin tag and another tag, Form 28) if 
the stores are destined for a particular job. In the latter case 
the route tag, when received by the storekeeper, is substituted 
for the bin tag which is destroyed, and both tags now on the 
item'remain with it to completion in the shops. 

In case (2')*worked' material made in plant, the material is 
turned into the bin and’ entered on the bin tag, notification be- 
ing sent as stated under “ Balance-of-Stores Clerk,” on Form 
25. 

In case (3) the procedure follows the second variation of 
case 1. A bin tag and foundry tag, Form 29, are put on the 
castings. As in the former case the route tag when received 
is substituted for the bin tag. Notification of receipts of cast- 
ings is made to the balance-of-stores clerk, etc., on Form 30, 
and to the order-of-work clerk for his route-sheet file on Form 


31 





MONTH | Day | YEAR | | HAVE RECEIVED THE FOLLOWING ARTICLES 


| 490 | on 
H AS PART OF Pp ORDER NO. 



































THEE ITEMS 0O_______COMPLETE THE LIST OF ARTICLES CALLED FOR ON ABOVE PURCHASE ORDER. 1 HAVE 


TIEO TAGS OW ALL ARTICLES RECEIVED, SHOWING THEIR COST, INCLUDING FREIGHT sors 











ou oF gronms | Sacance 


arenas oueer oneat Agant — 























STOREKEEPESR 
coe. 


Form 30.—NOTIFICATION OF STORES RECEIPT. 





[MONTH| DAY | YEAR | un PLEASE NOTE THAT STORES 


| } ORDERED BY YOU on REQUISITION HO. 
PURCHASE ORDER NO. HAVE ARRIVED In 


PLEASE EXAMINE AND SENO YOUR REPORT ON SAME TO PURCHASING AGENT 
































Form INvo.3l 








0.8.2 SIQ@NED 





Form 31.—NoTIFICATION OF STORES RECEIPT. 
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Stores drawn for a job order may be returned to the store, 
in which case the storekeeper sends slip, Form 26 or Form 
27, to the balance-of-stores clerk for his stores sheet, and this 
also serves as a notification to the cost department to credit the 
job order with stores not used. 


ISSUING. 


When Form 12 or 17 is presented to the storekeeper, stores 
are issued, the forms being retained. Tags on issuing bins 
are debited with stores issued. The forms are sent to the bal- 
ance-of-stores clerk for his records and then go to the cost 
department for debit on the job order to which they are 
applied. 


STOREKEEPING. 


Articles which are carried in quantity are stored in bins. 
Each item has two bins, a receiving and issuing bin, with a bin 
tag on each. All receipts go to one bin and all issues come 
from the other. In this way a check is obtained on the item 
account. When the issuing bin is empty, if the tag does not 
read 0 the account can be readjusted, the balance-of-stores 
clerk being notified. When the issuing bin is emptied it be- 
comes the new receiving bin and the old receiving bin becomes 
the new issuing bin, until it in turn is emptied. 

Articles too bulky for storage in bins are stored with a 
single bin tag, and the only check possible with this class of 
stores is an inventory. _ 


RECEIVING FLOOR. 


All stores are received on the receiving floor. They. are 
tagged immediately upon receipt. The following form is used 
for convenience in checking in stores: 





Order 


Quantity & Bin No. 
No. 


Sheet & Mach. Description. or Floor. 


Memo. of | 











14 
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They are then treated as described under receiving. Freight 
receipts are reported on Form 32 (see page 177). 


INVENTORY. 


An inventory is taken annually, but all items are not inven- 
toried simultaneously. An inventory is taken of several classes 
each month so that at the year’s end the storeroom has been 
entirely covered. ‘This prevents business interruption for this 
purpose. 


PRODUCTION CLERK AND SHIPPING. 


The production clerk’s function is briefly to get the work 
out of the shop, cooperating with and notifying the planning- 
room foreman if there is any probability of delay in shipment. 

He is the head of the shipping department and keeps the 
tickler. 

He is informed of the progress of an order at all stages and 
keeps a record of such progress on Form No. 33 (AP35). He 
is informed of the receipt of material in the shop by 

(1) Manifest in the case of castings. 

(2) Copy of Form 7 in the case of purchased material. 

He keeps a foundry board on which is recorded the dates 
castings are due, and keeps a record of their receipt on this ac- 
cording to the three-color scheme explained later in the case 
of D. M. and D. W. shipping boards. 

Silent and regular orders come from the contract depart- 
ment to the production clerk to be checked for rush orders so 
that the material for these jobs can be started before the order 
is written. In this connection the production clerk notes the 
date of shipment and enters it on the D. M. and D. W. ship- 
ping boards for the planning-department foreman’s informa- 
tion. In case of doubt the latter are consulted in fixing this 
date. 

Engineering order shipping dates are not entered on the 
shop shipping boards. Instead, each department, etc., con- 
cerned has a list of same, called a “ Bill of Material Shipping 
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List.” This list shows: Firm, order No., date of shipment, 
preferred and penalty orders, etc. Daily at 9 A. M. the pro- 
duction clerk, planning-room foremen and shop foremen meet 
in the superintendent's office and discuss the progress of this 
list. 


“sn PROGRESS OF BILL OF MATERIAL ORDER we 


@0LD To... BATE ENTERED 
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Form 33.—PROGRESS OF WORK KEPT BY PRODUCTION CLERK. 
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The original and a copy of each order is sent to the shipping 
department; the copy goes to the packing room. Goods are 
packed and shipped as per route previously designated on the 
order by the production clerk. 

When the goods are all checked and packed the copy is re- 
turned to the shipping department and the original is sent to 








the billing department. The copy is left on file for a couple of 


months and then destroyed. 


SHIPPING LIST. 
Stlent-Chain Orders. 


C. 19393 P. R. R. Direct 9-8. 


R 67439 Wagon. 


19403, Direct 9-7. 67493 P.& R. 
19408 Cancelled. 67560 P. & R. 
19412 Ad, Ex. 67592‘ 
19475 Direct 9-7. 67593 Ad. Ex. 
19658 P. & R. 67610 =‘ 
19696 P. & R. 67567 Direct 9-8. 
19727 Direct 8-31. 67704 Boat. 
19780 Mail Direct 9-6. 67861 P. R.R. 
19781 U. S. Ex. Direct 9-8. 67970 Boat. 
19787 Cancelled. 67984 U.S. Ex. 
19854 Ad. Ex. 67990 Wagon. 
Bill of Material Orders. 
Ww 2042 X7. 68030 Boat. 
2232 X2 Ad. Ex. 68031 P.& R. 
3024 X7. 68034 U. S. Ex. 
3007 X2 U.S. Ex. 68044 Cancelled. 
3046 X3. 68045 Ad. Ex. 
A/O. 3225 Wagon 3 and 7. 68073 Bearer. 
A/O. 3235 Wagon. 68074 Mail. 
68009 Wagon. 
Regular Orders. 
R 66227 P.& R. 68076 U.S. Ex. 
66960 P. R. R. 68077 U.S. Ex. 
68075 P. R. R. 


Form No. 34.—Copy oF HECTOGRAPH List SENT OvuT DAILy. 


Daily a list, Form 34, is made out of all orders shipped and 


twelve copies are distributed as follows: 


Production clerk ........... 2 
Route sheet file ............ 1 
eS | Sa Pierre st pee oe FP 2 
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Cost department ...2.2.037.. 1 

Purchase department ....... as 

Order department .......... 1 

Chief drafteman::.s. .6 005.6: 1 


The shop shipping boards are checked by the three-color 
system. 

Copies of B. M., Form 8, are destroyed in all departments 
on receipt of shipping lists. Form 33 (AP35) is destroyed 
by the production clerk. Goods are shipped on a_ shipping 
manifest, Form 35, the original of which is sent with the bill 


Or 
SHIPPING MANIFEST Bt Mo. __ ee 


COMPANY 

















TUE FOLLOWING ITEMS HAVE BEEN CAREFULLY CHECKED, PACKED AND LOADED INTO THE ABOVE Can. 
PLEAS EXAMINE CAREFVLLY ONO REPORT ANY DIGeREPANDES. - 


nti oi8See| anrvews |_geeme-weieny | tans aay werent 


apeResy [ ath 2 
Lwpe y 

Form 35.—In TRIPLICATE; ORIGINAL, DUPLICATE AND TRIPLICATE 
sO MARKED. 


























of lading, duplicate filed in the shipping room, and triplicate 
goes to the cost department. A memorandum is kept in a 
blank book of job, route, date, ete. 

Corresposdence re jobs late in shipment is sent to the pro- 
duction clerk for comment. 

Tickler.—The tickler, which is now a part of any well regu- 
lated shop or office, takes the following form here: 

A cabinet with a drawer for each month; in each drawer a 
large letter file with space for each day of the month. All 
tickler forms (Form 36) of the superintendent, planning de- 
partment and shops are sent here for file by dates, and it is 


the production clerk’s duty to daily distribute such ticklers of 
the day as are on file. 
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TICKLER | a 


NAME YOUR ATTENTION 18 CALLED TO THE FOLLOWING Montm Bay 

















PLEASE REPORT TO... ee ee AS OLEN ATYENDEO Te, 


Form 36.—TICKLER. 





Shipping Boards in Planning Department.—These boards 
consists of heavy japanned sheet tins on which are pasted 
forms having a column for each day of the month. There is 
one board for each class of order, “ R” and “ C.” The order 
numbers are entered in the column under date shipment is 
promised or desired. When order is shipped a. colored mark 
is made at the order number as follows: 

If shipped ahead of time, a purple star. 

If shipped on time, a blue mark. 

If shipped one day late, a red mark. 

If shipped two days or more late, a yellow mark. 


COST-KEEPING DEPARTMENT. 


Analysis of a job: order cost. 


(Chart III to be read concurrently. ) 


The grand total selling cost of a job order is made up of (a) 
total selling cost for this plant and (b) total for other plants. 
This second item (b) consists of parts or articles manufac- 
tured for the job or bought but shipped from other plant di- 
rect and not handled at this plant. 
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(a) Total selling cost (of this plant) consists of (a1) total 
selling cost of worked materials by divisions. (Note: If the 
job is large, such as a coal-handling device, it is separated into 
divisions such as Hoppers, Springs, Chutes, etc., for conveni- 
ence of planning, manufacture, etc., and each division is given 
a letter. If, for instance, the job order were 2035 the divisions 
would be known as 2035A, 2035B, etc: The accounts of the 
several divisions are kept separately on all forms until the final 
cost summary is reached. This is not only a convenience in 





Wages 





A Si Coe Eanorne Cost 
a i ie 
Total Selung Cost 4 
MP = Special Patterne | Werked Materiel 
of Worked Maternal 
MT = Special Tools 
by Owisione. 
ote Selling Expense 
Total for 
be thie piont 
G = Drawings. 
“|}SS = Stores Solid 
U = Sublet Contracts 
J = Freight, Royqities, etc 
Grand Total i rt 


Selling Cost of Job 


Totai for 
otner plante 





ChertS 





Chart 3. 


cost keeping but is essential to estimating and replacing; 
(a2) Drawings, G; (a3) Stores sold, SS; (a4) Sublet con- 
tracts, U; (a5) Freight, royalties, etc., J; and (a6) Erection, 
F.) 

(al) Total Selling Cost of Worked Materials by Divisions. 
—Each division is made up of (ala) shop cost of worked ma- 
terial; (alb) special tools; (alc) special patienns and (ald) 
general expense. 

(a2) Drawings G.—The cost of drawings is made up of 
(a2a) wages; (a2b) drawing expense; (a2c) general expense. 

(a3) Stores Sold consist of stores delivered, with an order 
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as part of the order but direct from the storeroom and not 
made up as part of any of the worked material divisions. This 
cost consists of (a3a) invoice price of stores and (a3b) gen- 
eral expense. 

(a4) Sublet Contracts are parts of jobs let out and consist 
of (a4a) contract price and (a4b) general expense. 

(a5) Freight, Royalties, etc., are charged directly against 
the order without any change or additions to it for overhead 
expense. 

(a6) Erection selling cost consists of (a6a) wages; (a6b) 
erection expense; (a6c) delivery; (a6d) travel; (a6e) ma- 
terials; (a6f) rentals; and (a6g) general expense. 

ara. Shop Cost of Worked Materials is made up of 
(alal) wages; (ala2) shop expense; (ala3) machine cost; 
(ala4) stores; (ala5) worked material stores. 

a1b. Special Tools——Tools made for a special job. The 
selling cost of these tools is charged to the order. This in- 
cludes wages, shop expense, material (stores), and general 
expense. 

arc. Special Patterns ——Patterns made for a special job. 
The selling cost of these is charged to the order. This in- 
cludes wages, shop expense, material (stores), and general 
expense. 

ard. General Expense.—This is an amount to cover part of 
the administrative and selling expenses fixed as explained later 
under General Expense. 

a2. Drawincs, G. 

aza. Wages. Pay actually given to the draughtsmen em- 
ployed on the drawings of the job. - 

a2b. Drawing Expense. Part of the overhead charges as 
explained under Shop Expense. 

a2c. General Expense. Same remarks as (ald). 

a3. STORES SOLD. 

a3a. Invoice Price of Stores, actual buying cost of material 
to be sold, no shop work to be done on them. 

a3b. General Expense. Same remarks as (ald). 

a4. SUBLET CONTRACTS 
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aga. Selling Cost of Contract is-price at which contract is 
let. 

agb. General Expense. 

a6. ERECTION. 

aoa. Wages. Pay to workmen actually in the field. ° 

a6b. Erection Expense. Part of overhead charges, such as 
superintendent erection department and necessary men retained 
at all times when not chargeable to any particular order. Re- 
pairs to equipment of departments, etc. 

a6c. Delivery. Cost of delivery of material from shop to 
the field. 

aod. Travel. Actual traveling expenses of party in the field. 

a6e. Materials. Anything purchased in the field necessary 
for erection, example: bolts. 

aéf. Rentals. Rent paid for shacks, derricks, boats, booms, 
ete. 

aog. General Expense. 

ala. SHop Cost oF WorKED MATERIALS. 

(azar) Wages. Money actually paid for labor. 

(ata2) Shop Expense. Overhead charges for shop. See 
Appendix I. 

(a1a3). Machine Cost. Every machine is intended to earn 
at a certain rate. This actually writes off part of the over- 
head expenses of the shops but is carried as a separate account. 
The machines are numbered and a machine-hour rate was orig- 
inally determined as follows: 

[Depreciation (7% annually) + maintenance (supplies and 
repairs) + small tools + power] —- 2500 = Machine-hour 
cost. 

Power is the annual cost of the power actually absorbed by 
the machine. 

Small tools. Was estimated. 

The figures in the numerator are for a year. This sum is 
divided by 2500 on the estimate of 2500 machine hours per 
year. 

The machines are divided into groups, each group contain- 
ing machines of approximate similarity and power. The aver- 











*h aeyD 





SCIENTIFIC MANAGEMENT. 


‘vw oud 


218 












SCIENTIFIC -MANAGEMENT. 219 


age of the rates for any group is taken for the rates of all 
machines in the group. (Chart IV.) 

Obviously for any piece of work machine cost == machine 
hours X machine-hour cost, machine hours being the actual 
running time of the machine on the work in question. 

(ara4) Stores. Invoice price of stores drawn from the 
storeroom and used on an order. 

(aza5) Worked material. A certain class of stores are 
made in the shop and a stock kept in the storeroom. This 
item (ala5) is the s/sop cost of this class of stores when drawn 
for use on an order. 


METHOD OF COST KEEPING FOR A JOB ORDER. 


(Chart V to be read concurrently. ) 
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Dion Dion (Do DWeaA 2 ‘tee BS {ox 
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SUMMARY OF CONTRACT COST AND BILLING TO DATE. 


Progressive Cost Sheet by classes as items: 
Cost to date - Billed to date = Balance (an Asset) 
Total Billed — Final Cost = Profit or Loss. 














Transferred when if completed. 





CONTRACT COST SUMMARY. 


By closes or items . Final Shop Cost, General Ex- 
penses, Selling Cost, Oetaile, Total 


Seliing Cost, Selling ' 
Price and Profit end Lose. 
: [Ee So. 


Chart 5. 
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Time cards of work done are turned in to the cost depart- 
ment from the bulletin board daily. Times of starting and 
finishing the work are stamped on the cards, and the rate of 
pay appears on the cards. Two boys compute and enter on the 
card this elapsed time and the wages due the man. The cards 
are then sorted by men’s numbers. Daily the pay for each 
man is computed and entered on Form 37 (AP54) in dupli- 
cate. The man receives the white copy daily through the time 
box, showing his earnings for the previous day, the yellow 
copy being filed for computing the weekly wages due the man. 















Ap 04 
‘ WORKMAN’S WORKMAN’S 
NAME NO. D - 
YOUR TIME AND EARNINGS DAY OF WEEK DATE 
WERE AS FOLLOWS ON 
; j ° TIME ADDITIONAL 
TOTAL 
TIME IN TENTHS OF AN HOUR ona TIME EARNINGS 








_ON STRAIGHT DAY WORK 
on PREMIUM WORK 
ON PIECE WORK sian rate 
‘ON PIECE WORK tow rate 


ON TIME WORKED ON CONTRACTS” 














AND NOW ADVANCED ON SAME 








PIECE WORK RETAINERS 





OVER-TIME RETAINERS 


BALANCE DUE ON COMPLETED CONTRACTS, FExememas 
ETC., ON WHICH TIME AND MONEY HAVE e 
BEEN ADVANCED 

















TOTALS 





NOTE REPORT PROMPTLY IF THIS 
STATEMENT DOES NOT AGREE WITH 
YOUR OWN ACCOUNT SIGNED. 





Form 37.—Pay CARD, IN DUPLICATE; ORIGINAL WHITE, 
DUPLICATE MANILA.—NOTE LABEL. 


Form 37.—Used to summarize the daily earnings of the 
workman. The white copy is placed in the time box daily, 
showing the man’s earnings for the previous day. The time 
box referred to is a locked box having a compartment for each 
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man. This box is opened fifteen minutes before starting time 
in the morning, and a boy is stationed at the box while open. 
It is closed at starting time. This box is employed in lieu of 
a time clock, any men coming after the box is locked have 
their time stamped at the Order-of-Work Clerk’s desk. Only 
the office use a time clock for arrival and departure. It is 
worth noting that everybody from the president of the com- 
pany down stamp the office clock, and the moral effect of this 
is keenly felt. 


RETURNED Orr euanac To 
I1SsVUED 





OADER WO. SNEETNO- MARK DRAWING NO. PATTERN NO, 














No.Pcs.urdered 1F NOT §iSHEO 


SCRATCH OUT THISt®™” | F 





scratcu out THis tb” | NF 
WORK TO BE PERFORMED 




















Form 38.—OLp D. M. TrmME CarRD. 


Time cards, Forms 13, 38 or 39 (DM148, D101, or 
DW2A), are again assorted by divisions of worked material 
job numbers (charge number) and entered weekly by labor 
divisions on Form 40 (AP34). Thus the wages entry is 
charged against each division of the job. 

Time cards of the machine shop, DM, Forms 13 or 38, are 
again sorted and the machine cost is entered on each card in 
red ink, computed as follows: The number of the machine ap- 
pears on the card and reference to a table gives the machine- 
hour cost. The machine hours are the same as the man’s time 
on the card. Obviously the machine cost equals the machine 
hours multiplied by the machine hour cost. 

Machine-Hour Cost—This is computed from Chart num- 
ber IV, as follows: (Depreciation + Maintenance -+ Small 
tools -- Power) divided by 2500 equals the machine-hour 
cost, as previously explained. 
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IN CHARGE SYMBOL 
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OPERATION 


SHIPPING 
SHEET 
ORDER NUMBER Marx Nuiseée 


NUMBER 
TOTAL TIME FOR iF JOB IS NOT FINISHED 


DEPARTMENT D W wit Poe SCRATCH OUT THIS -4a> 


IF JOB iS FINISHED 
SCRATCH OUT THIS 4a> 


DAY RATE) csesetecceedete Piate 
No; OF Pieces TOTAL PRICE No. OF Pieces} AMOUNT Mane Macnine 
Onverto Mian Low Fintsneo Earnao Time Time 
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Woakman’s 
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COST SHEET 
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Sweet 
Man's | Macniners 
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Form 39.—D. W. Time Carp FoR Bonus WorRK. 


BONUS ON BONUS 
PREPARATION TOTAL BONUS PER PIECE 





BASE RATE 


Time FOR HIGH Low Time PER 
RATE RATE Piece 





PREPARATION 




















REMARKS 
GANG BOSS 


{INSTRUCTIONS Twa, 





Form 39.—REVERSE. 
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After the machine cost is entered on the cards they are again 
assorted by job divisions and the machine cost is entered 
weekly on Form 40 (AP34), under column D. C. 

The value of stores drawn from the storeroom and applied 
to the job is entered weekly on Form 40 from slips, Form 12 
(CS103), and likewise the value of worked materials drawn 
from the store and applied to the job is entered on Form 40 
from slips, Form 17 (CS6). Before entering values of stores 
drawn, ay credits from Forms 26 (CS16) and 27 (CS8) are 
deducted. : 

Monthly the totals of wages, machine cost, stores and 
worked-materials stores charged to each division are trans- 
ferred from Form 40 to Form 41 (AP27) and checked. There 
is one copy of Form 40 and 41 for each division of the order. 
These are specified as lot Nos., thus: W2035A, W2035B, etc. 

Under each line of wages, Form 41, is a line marked ex- 
pense. This is determined as follows: The shop expense fac- 
tor for each department, shown at the top of the page (how 
found and functions shown later), is multiplied into the wages 
for the month in the corresponding department and this is en- 
tered as expense. 


AP 34 


= 
3 


Form 40.—WEEKLY SUMMARY OF SHOP CosT. 
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DESCRIPTION: 


~" peta. COST SHEET oF WORKED MATERIALS ON wap weet 


WD. MTL. Lot’ No. 





WAGES 
WAGES 


WAGES 
EXPENSE 
WAGES 
EXPENSE 
WAGES 


STORES 


SHOP COST TO DATE 


TOTAL SELLING 


SHOP 
TOTAL QUANTITY SHOP COST nat 
PRODUCED PER UNIT pill 


SUMMARY IRON CASTINGS STEEL SHAPES STEEL PLATES WISCEL. STORES 


OF 
wareriats [WEIGHT WEIGHT WEIGHT WEIGHT AMOUNT 
USED 


REMARKS ;... 


Form 41.—Montu1iy Cost SHEET OF WORKED MATERIALS, ACCOUNTS OF 


CONTRACT. 


Example.—Wages DP $.45. Factor DP .50. 

Expense DP is $.45 & .50 == $.23. 

This expense covers what is commonly called overhead or 
shop expense (exclusive of machine cost) as shown in ac- 
counts A and D, Appendix 1. 

Average Shop Expense Factor.—The average shop expense 
factor is determined as follows: The total shop expense for a 
period of three years is apportioned to the several shops in 
proportion to the amount of this expense incurred by each. 
This expense in each shop is then divided by the total pro- 
ductive wages in the shop for the same period. In this way a 
different factor for each shop is obtained, for. example: 
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DPhioui. és 50% 
DMies. os 110% 
WWhrsevoé 4 159% 


(NotE—These, of course, are not the actual figures at this 
plant.. These factors are applied as: shown on’ Form AP27, 
and when applied in a normal year should: cover all expense 
incurred under Accounts A and D. (See Appendix 1.) These 
expenses are such as experiments for'the benefit of engineer- 
ing and manufacturing, heat, light and power, planning: con- 
nected with machines and materials, et¢., and in the several 
departments DD. drawing, DM machine shop, DP pattern 
shop, and DW. wrought shop, such expenses as are connected 
with manufacturing that cannot be charged to any particular 
order. A study of this with tables of accounts A and D should 
make the matter clear. ) 

The factor as found for the machine shop is not used as it 
now stands, but is again modified as follows: In a certain class 
of repeat work (gear cutting for silent gears) one man can run 
a number of machines. Now, since the factor is applied to 
wages and since in this special case the ratio of wages to out- 
put is greatly reduced, it becomes necessary to increase the 
factor applied to this special line and decrease that used for 
the remainder of the shop product in order that this line carry 
the proportion of shop expense warranted by the tools used, 
the floor space occupied, and all other considerations govern- 
ing expense. Therefore the readjustment might be as follows: 


DPos 210033: 50% 

DW iia o 75% 

DMs .aii se 100%...... Regular 
DM... 120% . 12x Special 


This isso adjusted that 50% wages DP + 75% wages DW 
+ 100% wages DM (regular) + 120% wages DM (apeciat) 

== total shop expense. 

After all wages, expenses, machine-cost stores and worked 
materials are entered in the monthly column of Form 41 
(AP27), the total of column for the month obviously gives 
the shop cost for the month. Theoretically all money spent 


‘5 
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on the production, all expenses incidental to production, and 
the product’s share of the shop expenses inherent to all shop 
output have been charged. 

This sheet is progressive in that monthly costs are carried 
forward and totaled to date at the end of every month, result- 
ing in shop cost to date. 

After the total shop cost is arrived at, addition of the gen- 
eral expense gives the total selling cost. A general expense 
factor is used in a manner similar to the shop expense factor. 
It is determined as follows: 

General Expense Factor.—This factor is used to cover what 
are known as administrative and selling expenses, Account C. 
These include such items as office salaries, wages and watch- 
men; repairs and maintenance to all buildings other than 
shops ; planning connected mainly with workmen; contract and 
sales department; branch officer; shipping room, etc. (See 
Account C, Appendix 1.) 

General expense is distributed over the following items: 

(1) Shop cost of worked materials; (2) Drawings; (5) 
Erection; (4) Stores sold; and (5) Sublet contracts. 

A factor was first derived by dividing the average general 
expense for a number of years by the average of the total of 
the above five items for the same period. For demonstration 
let us use 30% as the derived factor. Obviously 30% is an 
excessive amount to saddle on such accounts as erection, stores 
sold, and sublet contracts. In the case of erection a general 
expense factor was determined from items covered by Account 
E (Appendix 1). This account in a general way covers all 
expenses of erection gangs that cannot be charged to any par- 
ticular order. This Account E for a number of successive 
years divided by the wages in erection department for the same 
period gives the erection expense factor. 

In the case of stores sold and sublet contracts a factor was 
determined from good commercial practice. This is arbitrary 


and depends upon what the product will stand without killing 
orders. 


Having reduced the factor over some of the items, it be- 
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comes necessary to increase the factors used in the case of 
drawings and shop cost of worked materials enough to equal- 
ize the total general expense of the plant when found by these 
different factors applied to the shop cost of the respective 
items, and the total general expense as found if the first de- 
rived factor were used throughout all the items. 

The factor applied to worked materials is a little larger than 
that applied to drawings, for several reasons. Drawings are 
not affected by shipping or stores. Also if the machine hours 
fall below those used when computing the machine-hours cost, 
the power that will be written off in machine cost is reduced 
and this margin is covered by this factor. Also if several ma- 
chines are run by one man in the DM the total shop cost of the 
products at these machines are reduced. There is no parallel 
saving in the drawing department. The total shop cost being 
reduced it is necessary to increase the factor. 

Whereas a factor of 30% was first derived, after all these 
adjustments the factors would look something like the fol- 
lowing: 


Worked materials ..... rarpersers 32% 
pe are a ee er 28% 
oa) a ge or os 20% 
Stores sold 757080. aps .TANNG weal: 15% 
Sublet contracts. sec ee se oa 10% 


(Norre.—These are not in any proportion to the Company's 
figures. ) 

These factors are applied as follows: 

(1) Shop cost of worked materials 1.32 = selling cost 
of worked materials, Form 41. 

(2) Shop cost of drawings X 1.28 = selling cost of draw- 
ings. 

(3) 1.20 wages + erection expense + deliveries + travel- 
ing + material bought in the field + rentals = selling cost of 
erection contract. 

(Nore.—Factor is applied to wages qnly. See Form 42 
(AP28).. 
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(4) 1.15 invoice price of stores sold = selling cost of S. S., 
Form 43 (AP58). 


DETAIL COST SHEET OF DRAWINGS, AND DELIVERY and ERECTION ON CONTRACT No. 
DESCRIPTION: 
DRAWINGS 





ORAW. ROOM COST TO DATE 


EXPENSE FACTORS USED 


DRAWING ERECTION SELLING TOTAL SELLING COST 


ESTIMATED DRAW. ROOM COST 
DELIVERY AND ERECTION 


WAGES-FA 


DELIVERY-FF 
TRAVELLING-FH 
MATERIAL-FM 
RENTALS, ere.-FS 


REMARKS: 





Form 42.—MontTHLY Cost SHEET FOR DRAWING AND ERECTION ACCOUNTS 
OF CONTRACT. 


(5) 1.10 contract price of sublet contracts = selling cost of 
sublet contracts, Form 43 (AP58). ig 

There is still another correction to be made in the case of - 
this particular shop before the factors are settled. In the case 
of a special line of goods called Silent Orders (silent gears and 
chain) it is found that a far greater expense is incurred per 
dollar of order to get orders in this special line than is in- 
curred getting the regular orders. So the factor on worked 
materials is again altered, and since the value of silent orders 
is but a small proportion of the whole shop output the factor 
on this line rises rapidly thus: 
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Original factor. ......0..000. 32% 
New factors: 
ReMi Im... s fees 30% 
wo Siar seed Ut icy Seater 45% 


All factors, as stated above, were derived from the average 
of a number of years. They are seldom changed, and there- 
fore the general expense for any given period, say one month, 
as computed by them will not exactly equal the actual selling 
expense for that period, although it is surprising how closely 
these two figures agree. The slight difference is taken care of 
by profit and loss adjustment. 


SUMMARY OF CONTRACT COST AND GILLING TO DATE Cote CNC poe 
eenrecer an. ‘ Oars Commeteg——_____ 








Form 43.—NEw Form. 
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Tuiamany OF CONTRACT COBT AND BILLING TO DATE sa 








coer ve coer re | ensseve | amanes | coer ro 

















Form 43.—O.LpD Form. 


CONTRACT COST SUMMARY eis! 











eascairnen ears copnave——— 








l iz ] 


Form 44. 











Monthly all data is transferred from all Form 41 sheets of 
any job and from Form 42 onto Form 43 (AP58), and stores 
sold, sublet contracts, freight and erection are all entered on 
Form 43 (AP58). This sheet is a progressive monthly sum- 
mary of details. All goods billed to customer during the pro- 
gress of the work are charged off this sheet by the pound at a 
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pound price, and the difference between the selling cost to date 
and the goods billed to date == balance, which is an asset. 
When a job is completed.—All items are transferred from 
Form 43 to Form 44 (CC39), which is a final contract cost 
summary of the job by divisions, showing the profit or loss 


on same. 





APPENDIX. 


“Account A.—AuxILIARY DEPARTMENT'S. 


AF. 





Experiments for the Benefit of Engineering and Manu- 
facturing.—Includes all labor and material used in the 
making of experiments for the benefit of engineering 
and manufacture, and any other expenses connected 
therewith. Experiments for the benefit of sales de- 
partment, Account C. 

AH.—Heat, Light and Power.—lIncludes the labor and ma- 
terials used in making steam, transmitting power, heat- 
ing, electric and other light, water, etc., and also all 
labor and material used in repairing and maintaining 
the apparatus, machines, buildings, etc., in this depart- 
ment. 

AP.—Planning Connected Mainly with Machines and Ma- 
tertals—Includes all labor and materials used in the 
planning work connected mainly with machines and 
materials, when the same cannot be charged directly to 
a particular department. Also the Maintenance of the 
Planning Room. 

(See detailed subheads AH and AP.) 


AUXILIARY. 


Heat, Licht AND PowER DEPARTMENT.—AH. 


AHA.—Engineer, Assistant, Firemen and all Miscellaneous 
Labor—Such as for cleaning, unloading coal, loading 
ashes, etc., which cannot be charged to some other ex- 

pense symbol of this department. 
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AHB.—Fisture and Furniture —Includes such items as bench- 
es, cupboards, shelving, partitions, desks, clocks, etc., 
repairs and maintenance but not new. Charges against 
new or improvements charged against Account X. 

Stores and supplies, including stationery, which cannot be 
charged to one of the other expense items of this de- 
partment. Also all small tools used in this department 
that are not borrowed from the tool room. Repairs, 
Maintenance and New. 

AHC.—Boilers, Stacks, Flues and Ashes Elevators——Includes 
all labor and material for overhauling, scaling, testing, 
etc., repairs and maintenance but not new. Charges 
for new and improvements to Account Y. 

4 AHP.—Power and Transmission of Power.—Includes en- 

: gines, generators, motors, compressors, pumps and 
piping to main distribution valve, and all wiring to 
main distributing switch, repairs and maintenance but 
not new. New and improvements charged to Ac- 
count Y. 

AHZ.—Buildings, Repairs of.—Includes repairs and main- 
tenance of buildings, floors, steam heat and water-sup- 
ply system from main valves, including all alterations 

: and repairs to patterns and drawings required by this 

: work. Charged for new and improvements charged to 

: Account Z. 


PLANNING FOR MACHINES AND MATERIAL.—AP. 


APA.—Shop Engineer, Production Clerk, and also all clerks, 
messengers, etc., whose work is mainly connected with 
planning for machines and materials, and which is not 
chargeable to any other department order. 

4 APB.—Fixtures, Furniture and Apparatus, includes such 

r items as benches, shelving, partitions, desks, tables, 

: stools, chairs, clocks, electric fans and other electrical 

‘apparatus, wiring, etc. Repairs and maintenance but 


F not new. New and improvement charged to Account 
X. 
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Stores and supplies, including stationery, used in the plan- 
ning room and which cannot be charged to a particular 
manufacturing, equipment, construction or other de- 


partment order. 


APR.—Reclamation for Errors made in planning for machines 


and materials. 


SYNOPSIS OF GENERAL EXPENSE.—Account .C. 


CA.—Accounting department. 
CB.—Purchasing department. 
CC.—Sales department. 
CD.—Estimating department. 
CE.—Stenographic department. 
CF.—Photographic department. 
CG.—Order department. 
CH.—Entertainment department. 
CJ.—Replacements and diplomatic extra work. 
CK.—Exchange and collection expense. 
CL.—St. Louis office. | 
CM.—Seattle office. 

CN.—New York office. 

CO.—Silent chain sales department. 
CP.—Pittsburgh office. 

CR.—Lunch room. 

CS.—Stores department. 
CU.—Boston office. 

CV.—Buffalo office. 

CW.—Shipping room. 

CX.—Charities and contributions. 
CY.—Telephones and telegraphs. 
CZ.—Repairs to office building. 


MANUFACTURING DEPARTMENT—AccountT D. 


DD.—Drawing room. 
DM.—Machine shop. 
DP:—Pattern shop: 

DW.—Wrought shop. 


Sores 
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MACHINE SHOP DEPARTMEN'T.—DM. 


Notre.—All other shop departments are made up of similar 
subdivisions, so only the machine shop is exhibited. 





DMA.—All Functional Foremen, their Assistants and all labor 
that cannot be charged to a particular manufacturing, 
construction, equipment, or other department order, or 
to one of the other expense items of this department, 
including machine-shop tool room. Also the rate set- 
ters and route clerks in the planning department that 
work only for the benefit of the machine shop. 

Fixtures and Furniture, Including Tool Room.—In- 
cludes such items as benches, cupboards, shelving, racks, 
partitions, shop lockers, desks, tables, stools, clocks, 
tote-boxes, trucks, scales, bulletin boards, etc. Re- 
pairs and maintenance but not new. Charge for new to 
Account X. 

Stores and Supplies, including stationery; such as waste, 
oil, etc., which cannot be charged to a particular manu- 
facturing, equipment, construction or other department 
order; or to some one of the particular expense items 
of this department. 

DME.—Small Tools.—Includes the repairing and maintain- 
ing of small tools such as drills, chisels, planer and lathe 
tools, dies, milling cutters, etc. Also the making of 
these tools, including the tool steel used therein, ma- 
chining and dressing, and all tools of this kind that are 
drawn from stores for the purpose of only maintain- 
ing the tool-room stock and not with a view of increas- 
ing same. Charges for new: tools increasing the tool- 
room stock charged to Account X. 

Large Hand Tools.—Includes those tools which do not 
depreciate rapidly by use, and which add to the per- 
manent value of the shop equipment, such as vises, an- 
vils, pulleys, blocks, jacks, etc. Repairs:and mainte- 
nance but not new. New and improvements charged to 
Account X. : 


DMB. 
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Grinding and Dressing of Tools.—Includes the grinding 
and dressing of old tools, and the treatment of new and 
old tools. The dressing of new tools is not included in 
this item, the work being charged to the order for the 
manufacture of tools. 

DMH.—Special Tools.—Includes such tools as jigs, gages and 
templates which cannot be charged to a particular man- 
ufacturing, equipment, construction or other depart- 
ment order. Repairs and maintenance and new. 

DMK.—Work on Defective Material.—. e., work done by the 
shops on material that has concealed defects, that is, 
such as disclose themselves only after some work has 
been done. 

NotE.—Work done on defective material, the defect in 
which could and should have been discovered before 
any work is done, is to be charged against CSR, it be- 
ing due to an error on the part of the stores inspector. 

Maclanes Operated by Hand or Power, Including 
Cranes.—Includes all machines with their countershafts 
or motors and all cranes operated by hand or power. 
Repairs and maintenance but not new, including any 2! 
terations and repairs of patterns and drawings required 
by this work. New and improvements charged to Ac- 
count Y. Also, 

Power and Transmission of ,Power.—Includes all com- 
pressed air lines within the buildings (main), line shaft- 
ing and their motors and all electrical fixtures and wir- 
ing for both power and light. Repairs and maintenance 
but not new. Charges for new and improvements ex- 
cept electrical fixtures and wiring charged to Y.  Fix- 
tures and wiring charged to Account X. Also, 

Belting.—Includes labor and materials used for repairing 

and maintaining all belts.in the machine shop. Also;the 

cost of new belting replacing old, and all helt lacing, 
glue and small tools used. by the belt fixer. New belts 
for new machines and for line shafting charged to dif- 

ferent divisions of Account Y. 


DMM. 
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DMN.—Retainers.—Both for piece work (DMNP) and over- 
time (DMNT) connécted with worked materials, and 
construction and part construction. 

DMR.—Reclamation for Errors made by the machine shop or 
tool’ room. 

DMV .—Repairs to Patterns —Includes all labor and materials 
used in repairing patterns, and in handling and trans- 
porting patterns, including freight and expressage. 
Also repairs and maintenance of pattern shed. Charges 
for new patterns that cannot be made to a particular 
manufacturing, equipment, construction or other de- 
partment order, are to be made to Account X. 

DMW.—Painting and Moving, and Other Miscellancous La- 
bor.—Including all labor and material used in painting 
and oiling worked material produced in the machine 
shop, and also all labor used in moving materials in the 
machine shop. Also, oiling and cleaning of all line 
shafting and motors, machines when not in operation, 
shop floors, windows, etc. 

DMZ.—Buildings—Includes repairs and maintenance of 
buildings, washrooms, washroom fixtures, urinals, 
waterclosets and soil pipes, inside of machine building, 
exclusive of that part occupied by offices. Also, steam- 
heat and water-supply system from main valves, includ- 
ing any alterations or repairs to patterns and drawing 
required by this work. Charges for new and improve- 
ments are to be charged to Account Z. 


ERECTING EXPENSE. 
ERECTION DEPARTMENT.—E. 


When any of the following symbols are used, they indicate 
that some one of the following kinds of expense has been in-_ 
curred chargeable to the above department. 
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EA.—Superintendent, of Erection Department, Assistants, 
Foreman Gang Bosses, Clerks and Workmen when 
their work cannot be charged to a particular delivery 
or erection order. 

EB.—Fixiures, Furniture, etc—Includes benches, cupboards, 
shelving, partitions, desk and office furniture, clocks, 
tool boxes, etc. Repairs and maintenance but not new. 
Charges for new or improvements are to be made on 
proper written authority to (XCB). Also, 

Stores and Supplies, Including Stationery, which cannot 
be charged to a particular manufacturing, equipment, 
construction or other department order, or to one of the 
other expense items of this department. 

EE.—Small Tools.—Includes all small tools purchased or 
manufactured, which are used by hand and must be re- 
placed frequently on account of wear, and hence can 
not be considered as adding to the permanent value of 
the equipment, such as hammers, wrenches, chisels, 
rope, bars, shovels, etc., including repairs and mainte- 
nance of same. Also, 

Large Hand Tools and Machines.—Includes those tools 
which do not depreciate rapidly from use and wear, and 
which add to the permanent value of the equipment, 
such as hoisting engines, winches, etc. Repairs and 
maintenance but not new. Charges for new and im- 
provements are to be made on proper written authority 
to (XEF). 

EM.—Miscellancous.—Includes all cost of living, traveling, 
and stores and supplies chargeable to this department 
and which cannot be charged to a particular delivery 
and erection order. 

ER.—Reclamation for Errors made by this department. 

E.W.—Starting up.—lIncludes all extra expense incurred in 
starting up machinery, which cannot be charged to any 
particular delivery and erection order. 

EU.—Unloading and Loading.—Includes that which cannot 

be charged to any particular delivery and erection or- 
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der. This refers especially to handling of erection 
tools. 

EZ.—Buildings, Repairs of.—Includes repairs and mainte- 
nance of any permanent building that might be built by 
this department. Charges against new or improve- 
ments are to be made on proper written authority to 


(ZE). 


Account X referred to in the foregoing is part construction, 
and includes fixtures, apparatus, etc., part of the cost of which 
goes to construction and part to shop expense or general ex- 
pense and which increases the permanent value of the plant. 

Account Y is construction, and consists of machinery. tools 
and motive power that adds to the permanent value of the 
plant. 

Account Z is construction, and consists of real estate, build- 
ings, etc. 
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A COMPARISON OF THE COST OF DREAD- 
NOUGHTS IN ENGLAND, GERMANY, FRANCE, 
AUSTRIA AND THE UNITED STATES. 


Translated from an article of Naval Constructor Louis Bareeris. R. I, N. 
in “ Rivista Marittima,” by A. Conti, Associate. 


One often reads in technical magazines and official publica- 
tions comparisons on the cost of foreign Dreadnoughts. Such 
figures are usually published without comment, as if they were 
directly comparable, but, unfortunately, as every Navy has a 
different system of accounting, great care is required in mak- 
ing comparisons. Given the cost of a certain ship, it is first 
necessary to know whether it includes the price of service and 
spare ammunition, torpedoes and spare guns. 

In some Navy budgets, Austrian-Hungarian and German, 
for instance, when the cost of a ship is stated it means the ship 
complete, including torpedoes as well as service and spare am- 
munition. The British Navy budgets, however, contain sep- 
arate items for the purchase of ammunition and _ torpedoes, 
both for new ships and ships already in commission ; therefore 
such material is not included in the cost charged to a new 
ship. The French estimates of the cost of a new ship include 
only the service ammunition. 

In the official documents of the United States (The Acts of 
Congress, for instance), in fixing the cost of a new ship it is 
understood that it has reference only to the hull and machinery, 
exclusive of armor, armament, anchors and chains, torpedoes 
and ammunition. 


GENERAL EXPENSES. 


Another point on which the bookkeeping of the various 
navies differs a great deal is the allotment of general expenses. 
When a ship is bought from a private shipyard, its tender 
includes not only all the overhead and operating expenses, 








240 THE COST OF: DREADNOUGHTS. 


but covers insurance, taxes, cost of trials, etc. Besides these 
expenses which, from the taxpayer’s viewpoint, should be 
charged to the cost of new ships, there are others that never 
appear in the navy estimates. ‘These are the salaries of’ the 
designing staffs-and of those employed at the experimenta: 
tanks and technical laboratories, of the inspectors at the works 
of contractors and subcontractors, etc., and in some navies 
where it is customary to detail a large number of officers and 
men to the ship long before its completion, this expense should 
also be added. For the allotment of these expenses and of 
many more that have not been mentioned, the different navies 
follow the most varied systems. 

The British Navy seems on this account the most particular, 
judging from the minute subdivision of these expenses in the. 
“Dockyard expense account.” But if one analyze how these 
are charged to the new ships building, it will be seen that the 
allotments are entirely inadequate. ‘During the 1909-10 bud- 
gets, for instance, out of £3,021,923 of general expenses only 
£774,214 was “ apportioned and carried to balance sheet,” of 
which £356,883 was charged to new constructions and 
£417,331 to repairs and upkeep, while the balance of £2,247,709 
remained “ unappropriated.” 

If one considers that for the same period the cost of new 
construction amounted to £9,597,551 and for repairs and up- 
keep £3,412,733, or a direct total expenditure of £13,010,284, 
it will be seen that the amount “ unappropriated” is hardly 
negligible. 

But this should not be thought the cause of the relatively low 
cost of English ships, as other navies follow quite the same 
system, and, if anything, a smaller fraction of the “ general 
expenses” is considered. For the French and American na- 
vies we are on this point very well informed. We have for 
France the interesting report published by the “ Comité 
d’Examen des Comptes des Travaux de la Marine,” and for 
the United States the.‘ Instructions Relative to Accounting 
at Navy Yards.”’. It appears, that, for both navies the general 
expenses do not include salaries or pensions of the dockyard 
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staffs, nor the interest or depreciation of the navy-yard plants. 
They: include only the salaried help whose work is directly 
charged to new construction and the cost of material for the 
general service of the navy yards. 

Obviously, then, it is quite impossible to compare these items, 
The fact that the Bellerophon is credited with $546,000 of 
general expenses, while the same item was estimated at 
$360,960 for the Jeanm Bart and $544,314 for the New York, 
does not necessarily imply that in France money is better ad- 
ministered than in England or in the United States. Such 
differences must be attributed solely to the meaning which this 
item ‘“ general expenses’? assumes in the various navies. 

In Austria the salaries of the navy yard employés do not 
appear in the budget as chargeable to new construction, so that 
for ships built in dockyards (the Admiral Spaun, for example) 
the supposition is made that only transient help is employed. | 
In the German budget of 1911-12 there appears the con- 
spicuous sum of 36,719,792 marks under the title “ Upkeep 
of fleet and dockyards,” and a large part of this sum is item- 
ized for labor and material that undoubtedly go to the building 
of new ships. So that for both the German and Austrian 
navies the ‘‘ general expenses” inherent in new construction 
do not explicitly appear in any official document. 

Before reviewing the figures gathered from official publi- 
cations it must be noted that the cost per ton is based on the 
so-called normal displacement. And this particularly applies 
to the Navy of the United States, in which, after the Newport 
conference, by “normal displacement” is meant that with 
two-thirds (about 2,000 tons) of the maximum amount. of 
fuel. Were not the displacements of American ships de- 
creased by 1,000 tons their cost per ton could not fairly be 
compared with foreign ships. 


COMPARISON OF COST, NAVY YARD AND PRIVATE SHIPYARD. 


Before comparing the cost of Dreadnoughts of different 
navies, a comparison which we will restrict to England, Ger- 
many, France, Austria and the United States, we must men- 
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tion the difference in cost between government and private- 
built ships. For Germany this is quickly done, as the German 
estimates do not allow for any differences. For Austria the 
Habsburg, Ershersog, Radetsky and Viribus Unitis were all 
built or are building in private yards, so that a just comparison 
is not possible. There remains then England, France and the 
United States. Officially, in France, government-built ships 
cost 4 or 5 million francs less than those built by private 
yards, except in the case of the Jean Bart class, where this 
difference is only one million. In the United States things are 
reversed, and in rather extraordinary proportion. The Florida 
cost $2,300,000 more than the Utah. The cost of the New 
York is estimated at $1,540,000 more than that of the Te.ras, 
but had it not been for the eight-hour clause the difference for 
these two ships would probably have been from $2,300,000 
to $2,500,000. In England private-built ships cost ordinarily 
from $200,000 to $400,000 less than government-built ships, 
but there are examples to the contrary like the /ndefatigable, 
which, built in a navy yard and of larger size than the In- 
domitable, cost about $1,000,000 less. These differences have 
led in the various nations to very animated discussions, and of 
particular interest are those originated in March, 1911, in the 
French Parliament and the United States House of Represen- 
tatives. In the former, during the meetings of March 9, 1911, 
representative Chaumel remarked that even for the so-called 
government-built vessels, five-sixths of the parts are supplied 
by private contractors. Thus for a ship costing about 15 
millions, at least 10 millions belong to the machinery, armor 
and armament that are bought directly from manufacturers. 
So that it is logical to exclude from this comparison those parts 
which are purchased, whether the ship be built at a dockyard 
or by a private concern. Now, on the remainder of. work, 
valued at about 3 millions, can there be an increase of about 
33 per cent. if the ship is built by a private yard? 

This difference arises only from the fact that the State does 
not compute salaries or the pensions of the dockyard staffs, 
nor the material or sinking fund of the capital invested. It is 
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probable that for the taxpayer there is no sensible difference, 
as these general expenses not charged to the cost of a new 
ship amount to just about this difference in cost. On the 
other hand, the dividend to the stockholders will compensate 
in part the lower efficiency of the State organization, and the 
difference either way cannot be substantial. For the United 
States the opposite phenomenon exists. It must be noted, 
however, that the American system of bookkeeping in the ~ 
estimate for a ship to be built at a navy yard allows about 
$600,000 for general expenses, whereas France allows only 
about $400,000. Moreover, the American navy-yard laborer 
enjoys each year a two weeks’ vacation with full pay; plus 5 
legal holidays also with full pay, involving a yearly loss for the 
State of $1,664,868, of which perhaps one-third goes to in- 
crease the cost of new vessels constructed in navy yards. 

In England these differences are so small that they further 
demonstrate our contention that if everything is taken into 
account a new ship costs just as much to the taxpayer whether 
built by the State or by a private concern. The cost of the 
Inflexible class, which was more than that of the /ndefatigable, 
must be considered as a special occurrence due to the develop- 
ment of a new type of vessel with extremely powerful machin- 
ery. The three Inflexibles were given to private concerns, 
without any competition, a procedure deeply regretted by the 
“Committee on Public Accounts,” and which may in part 
explain the unusual occurrence: : 


COST PER TON, 


With this preliminary discussion, if one now wishes to com- 
pare the cost per ton for ships of various navies, a careful 
inspection of the official data recorded in Table I is quite neces- 
sary. And this inspection, no matter how careful, can give 
only approximate results, owing to lack of information. 

The best way is to consider only private-built ships, sub- 
tracting from their official cost the item “general expenses” 
and adding to it all other expenses borne by navy yards for 
parts and’ equipment directly supplied by the Navy. 
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Table II records this cost subdivided as follows: 


1st. Hull complete with equipment ; 
2d. Propelling machinery ; 

3d. Armor; 

4th. Ordnance. 


Under the first heading are included torpedo nets, torpedoes, 
air compressors, electrical and wireless equipment; all the 
ships’ auxiliaries including motors, all equipment including 
galleys and mess rooms; it also includes the cost of labor for 
installing armor and the cost of armor bolts, but all fixed parts 
pertaining to turrets, such as rollers and guides, turret-turning 
gear, ammunition hoists, etc., are excluded. This item in- 
cludes also the armored decks as being part of the hull proper, 
as well as all permanent fixtures of storerooms and magazines, 
fixed-ammunition hoists for secondary battery and all ship 
fittings, including anchors aid chains. 

The first heading includes also all taxes, insurance, etc., and 
that such items are not to be neglected is shown by the fact 
that.in France, for instance, they amount to about 900,000 
francs for a ship of the Voltaire class; the insurance alone 
amounting to 1.5 per cent. per annum of the value of all parts 
furnished during the entire period of ‘construction. 

Where foreign material is imported and pays duty (in Aus- 
tria, for instance, British plates and shapes are taxed 30 crowns 
per ton), the customs duties are added to the cost of the hull. 

Heading No. 2 includes the main propelling and auxiliary 
machinery and their piping, as well as the cost of dock and 
sea trials. 

Under the third heading are included all armor except pro- 
tective decks, as well as the cost of trial armor plates. 

‘The fourth heading includes main and secondary batteries 
complete with mountings, and all order-transmitting and fire- 
control appliances, but does not include any spare or service 
ammunition, nor any of the permanent fixtures in.ammunition 
magazines, which, as already stated, are included in the first 
heading. 
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The relative value of currencies has been taken as follows: 


1 Pound sterling equals $4.85 


1 Mark, .24 
1 Crown, .202 
1 Franc, 193 


From table II the following average prices per ton of dis- 
placement have been derived omitting armored cruisers: 


Hull and Ship complete. 

machinery. without ammunition. 
England ..j....4... $1825. $401 
Gepriiany ..7..2.;.. 214 416 
United. States....... 212 417.5 
Austria 55. e.5-s 256 490 
PRM SF cisco 525 


DEDUCTIONS FROM THE TABLES. 


In regard to cost of production, the nations may be grouped 
as follows :—England, Germany and the United States, where 
ships are comparatively cheap, and Austria and France, where 
ships cost much more. 

In the first group, England pays very little for hull and ma- 
chinery while armor and ordnance are comparatively expen- 
sive. In the United States armor is cheap; in Germany this 
is so with ordnance, although this is probably due rather to the 
small proportion of the displacement assigned to the battery 
than to the low cost of German ordnance. 

If the Texas had not been included in the average the mean 
cost for the United States would have been slightly less than 
for Germany. It must be noted that the low cost of the 
Nassau class is for ships with reciprocating engines and 11- 
inch guns. 

In France ordnance is comparatively expensive. This is 
easily explained for the Dantons, owing to the large number 
of turrets, but is not so justified for the Jean Barts. For 
Austria armor is rather moderate. Due to the fact that her 
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ships have only four turrets and that the Skoda artillery is 
rather light, the cost of Austrian ordnance can not be consid- 
ered moderate. Very high is the cost of machinery ; and even 
the continuity of demand (which is, of course, a factor in the 
cost ) has not been able to overcome the monopoly of the Stabil- 
imento Tecnico Triestino. 

With the exception of the United States, where the increased 
cost is due to the eight-hour clause, the general tendency is 
toward a slight decrease of cost. In France, particularly for 
the last two ships, there has been a sensible reduction. Armor 
is now much cheaper everywhere, and within the last two or 
three years this is true for turbine machinery. On the other 
hand, tin and copper cost more, and even steel is slightly 
higher, but this has very little importance in the total cost of 
a large warship. 

In conclusion, a new ship of 25,000 tons complete, but with- 
out ammunition, could be obtained nowadays from shipbuilders 
of various nations at the following prices: 


Bngieae «2. o.a62 6s Gece oe $10,100,000 
Gores... ok tL A ee 10,400,000 
United. State6i 655... PELE ES, 10,580,000 
AMIE... a GR 12,300,000 
Pree :... Lee es eee ae 13,100,000 


For the ship complete and ready for service we should add 
to these figures about $400,000 for general expenses (such as 
the Navy’s designing staff, experimental tank, civil employés, 
inspectors, crews aboard ship during completion, etc.), and 
at least $2,000,000 for ammunition (in France, where a larger 
allowance is carried, an allowance of at least $2,500,000 should 
be made) and $200,000 for torpedoes, navigating instruments, 
etc., all of which, although taken from the Navy's stock, must 


nevertheless be replaced by a new supply when a new ship is 
ordered. 
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Therefore the taxpayers of various nations for each new 
ship of 25,000 tons need the following appropriations : 


EE oo ee eknadeoewes ae $12,600,000 
| ee eee erre e ere 76 12,900,000 
United ‘States. 80/0) A004 Ae. 13,000,000 
Austria £..2 3b vagua.k aiwakl deoates 14,800,000 
ty rr: 6 Re 15,600,000 


This shows at a glance how the Mediterranean nations are 
badly handicapped in comparison with other nations where the 
steel industry is more advanced and whose shipyards, owing to 
a larger and steadier output, are in better condition to give a 
return on the large capital invested. 
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NOTES. 


THE LEAKAGE OF STEAM PAST PISTON VALVES. 
By H. Denzit, Losey. 


The important position which superheated steam is taking in modern 
engineering, and especially in its application to the semi-stationary type 
of engine, led the author to investigate the actual leakage of a piston valve 
as a possible source of loss, when using both saturated and superheated 
steam at various temperatures and pressures. 

The results of these investigations are made all the niore interesting 
when viewed in the light of Callendar and Nicolson’s experiments of 1897, 
which pointed to the conclusion that the leakage of a slide valve. was 
responsible for the greater part of the Missing Quantity. 

The conditions on which the leakage of a slide valve depends were 
proved to be: Difference of pressure between the two sides of the valve, 
perimeter of the port, and the mean overlap of the valve. 

Now, if the slide valve of an engine were replaced by a piston valve of 
the correct proportions to distribute the steam properly, these three con- 
ditions would remain unchanged, so that it seems reasonable to suppose 
that the laws of leakage which apply to a slide valve should also apply 
to a piston valve. 

The following experiments were performed on an ordinary type of piston 
valve fitted with four Ramsbottom spring rings. The valve used was sup- 
plied by Richard Garrett & Sons, Limited, of Leiston, who have had many 
years of experience in the manufacture of piston valves. It was taken 
from stock, and was in no wav specially treated, so that the experimental 
conditions would in no way differ from those when running in an actual 
engine. 

The principle of the experiments is briefly as follows: The valve is driven 
up and down in a jacketed cylinder, at various speeds, by means of an elec- 
tric motor. Steam is supplied from a boiler or superheater to the center 
of the valve, and the leakage is taken to a condenser, condensed into 
water, and weighed. 

Fig. 2 is a section through the cylinder. The annular space between the 
liner and the cylinder forms a steam jacket which is connected to the 
steam-inlet pipe. 

During the course of an experiment a steady flow of steam is blown 
‘hrough the jacket and out by the drain cock at the bottom of the cylinder. 
This prevents the stagnation and reduction of temperature, which would 
otherwise occur if the amount of steam used by the apparatus were only 
that of the leakage of the valve. It was found that by adjusting the flow 
through the steam jacket, the temperature in the cylinder could be kept 
very constant. 

Protruding right into the steam space between the two portions of the 
valve is a thermo-couple thermometer, by means of which very accurate 
temperature readings can be taken. 

A sight-feed lubricator is fitted, and this was adjusted so that in all 
experiments a constant feed of oil at the rate of one drop per minute was 
supplied. A cylinder drain cock is also fitted, so that when starting up all 
drainings from the apparatus and connecting pipes could be blown right 
through. : 

Fig. 1 shows the complete apparatus as used in experimental work. It 
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Fig. 1.—GENERAL ARRANGEMENT OF TESTING PLANT. 
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was fixed on top of the main boiler flue in the power house of the Uni- 
versity of Birmingham, and directly connected to a separately fired Schmidt 
superheater, capable of superheating to a temperature of 900 degrees F. 
The hot steam from the superheater passes into the cylinder jacket and 
out by the pipe D into the boiler flue. The cylinder drain pipe E also leads 
into this flue. The leakage steam from the valve passes into the condenser 
B, and the condensed steam trickes along the pipe F into the measuring 
tank H. The tank is suspended from the roof by a spring balance which 
will weigh to a quarter of a pound. This balance was not used to record 
the amount. of steam condensed, but merely to show how the experiment 
was progressing, as both before and after each experiment the tank was 
carefully weighed on a chemical balance. The condenser was of the simple 
surface-cooling type, consisting of two concentric tubes, the leakage steam 
passing through the inner one, and being condensed by the circulating 
water flowing through the annular space between the two tubes. All pipes 
leading to the apparatus and away from it were carefully lagged with 
asbestos, to reduce the heat losses as much as possible. 

Precautions were taken to follow the same routine of observations during 
each experiment, and each experiment was repeated several times. The 
apparatus was running at least an hour at the desired temperature before 
commencing, in order to get uniformity of conditions. 

Temperatures, boiler pressures and speeds were taken every fifteen min- 
utes, and each trial lasted about three hours. Before commencing the ex- 
periments, the thermometer and the speedometer were carefully calibrated. 
By simply cutting out the superheater, it was arranged so that either 
saturated or superheated steam could be supplied to the apparatus. 

It was decided to commence by running experiments at various speeds 
with constant superheat and boiler pressure. The boiler was then kept 
at a constant pressure of 200 pounds per square inch, and the experiments 
were run at temperatures of 400, 450, 500, 550, and 600 degrees F. The 
superheater was then shut off, and constant-speed trials were run at boiler 
pressures of 200 pounds, 150 pounds, 100 pounds, and 50 pounds per square 
inch. In order to bed thoroughly the valve rings down, the apparatus was 
run under normal working conditions for about a week until two con- 
secutive experiments gave practically the same results. The cylinder lu- 
brication was most carefully graduated in each experiment to a feed of 
one drop per minute. Owing to the great effect which lubrication had on 
Callendar and Nicolson’s experiments, this was regarded as very important. 

The results of experiments are shown below in the tables with cor- 
responding diagrams: 


EXPERIMENTAL RESULTS. 


TABLE I.—Superheated Steam. 
Speed, Temperature Boiler gage Leakage, 


Trial. in of steam, pressure, in pounds. 
r.p.m. degrees F, Ib. persq.in. per hour. 
PNG usecase shigesieacresn 200 497 200 4.825 
Oe Spang ay Fae 150 396 200 4.82 
ES A shigesseseaecussecebacs 100 392 200 4.9 
BS Avesensnsessocuapbeseseni 50 397 200 4.8 
BS...05. eabesecses ecccceee fo) 409 200 2.4 
(standing) 
Leakage, 
Difference of pressure. in pounds K. Cc. 
per hour, 
WE. 5, ccasceccesieses van civezcead abated 7.8 .0276 .OOIT 
De aayecises:stiseacekuaesinsenereca ine 7.5 03325 .00132 
We piiipeeassesee PTCA Tits ‘9 6.6 .05075 .00202 


UGH cuestes sieves: abessbatesesssi ces 4.9 1095 .00436 
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TABLE I1.—Superheated Steam. 
Speed, Temperature Boiler gage Leakage, 


Trial. in of steam, _ pressure, lbs. in lbs. 
t.p.m. degrees F. per sq.inch, per hour. 
Pals «és sancissiestion nhpoepsgaier i: AOD 407 200 4.825 
BES sfassecnledonataesiunes 200 452 200 3.66 
Pe Delshens desakieaodet sees 200 498 200 2.70 
Pi Mins ss upitonssuaenpenhas de 200 557 200 3.075 
PhS ckestdoicnkacdonnions 200 588 200 3.275 


The calculations for the leakage coefficients introduced by Callendar and 
Nicolson are worked out from these experiments in the following way: 
Let K = rate of leakage per hour per pound difference of pressure; 

? == perimeter of the port; 
I, = mean overlap of the valve: 


Then K = — 7 where C = the required coefficient. These are the terms 


as applied to a slide valve. In the case of a piston valve, P will be the 
circumference of one of the rings, as the steam is leaking all round this 
perimeter. The value of L will be the width of the two rings or the axial 
length of contact surface between the rings and the liner. Of course the 
assumption will have to be made that the leakage past the two portions of 
the valve is equal, as to measure each independently would have necessitated 
an extremely complicated apparatus. Hence, im this case, the perimeter of 
a 4-inch valve is 12.56 inches. 


or P= 12.56 inches: 


The width of one ring is % inch. 
Hence L, = ..5 inch. 


and C= 549 


The following table shows the values of C calculating for the variable- 
pressure saturated-steam trials; by the term pressure is meant the differ- 
ence of pressure between the two sides of the valve. The condenser side 
of the valve was always subjected to atmospheric pressure. 


TABLE III.—Saturated Steam. 
Pressure, Speed, Leakage, 
i in lbs 





Trial in in in — 
lb. per sq. in. r.p.m. per hour. 
COT WL. Hea A RR 156.1 200 7.8 
Cael t i isid. lids clk. Midd eden * 128 200 7.5 
C Hi 28.0838 WL ac cbibekoDssdesthieet 80 200 6.6 
CRAs. sb dices ite coe's ivi cdbnaties 37-4 200 4.9 
COS hives Seibedbieoderde IG. Si ieisdestiees wbhis 152 ° 3.86 
(standing) 


The average value of C is .0022, which is about one-tenth of that ob- 
tained by Callendar and Nicolson, Captain. Sankey obtained a value of 
.003. It can be seen, however, from the above table that the value of C 
is by no means constant. Callendar and Nicolson deduced from.their ex- 
periments that the leakage was proportional to the difference of pressure, 
and on this assumption obtained constant values of the coefficient C. The 
only conclusion seems to be that the leakage is not proportional to the dif- 
ference of pressure in the case of a piston valve. The results of the exper- 
iments are very clearly shown in three plotted curves, speed leakage, pres- 
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sure leakage, and temperature leakage... From these results some very in- 
teresting conclusions can be drawn. 
he great importance of the question of valve leakage is, no doubt, due 
to the probability that'it may be responsible for a considerable portion of 
the missing quantity in a ‘steam engine. In fact, Callendar and Nicolson’s 
experiments pointed to this conclusion. The author’s experiments, at any 
rate in the case of a piston valve, show this ‘to be impossible. A 4-inch 
piston valve would in a semi-stationary type of engine deal with 1,500 
pounds of steam per hour. Taking good average figures the missing 
quantity would be about 25 per cent. of this, or 375 pounds per hour. The 
valve when running at a temperature of 557 degrees F., only leaks 3.075 
pounds of steam per hour; hence it seems quite safe to conclude that we 
must look somewhere else than in valve leakage for the missing quantity. 
The effects of temperature on leakage show some very remarkable re- 
sults. By superheating the steam only just sufficiently to dry it, the leak- 
age is decreased from 7.8 pounds to 4.8 pounds per hour. This is an enor- 
mous reduction, and is a verv important factor in support of the theory of 
condensation and re-evaporation. Assuming this theory, let us follow the 
action of the steam on the valve, and see how superheating would decrease 
the leakage. The space between the two portions of the valve being con- 
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stantly in contact with hot steam is kept at a high temperature, whilst the 
exhaust sides being open to atmospheric pressure are comparatively cold. 
Consequently, as soon as the valve begins to move, it uncovers a cold 
portion of the liner upon which hot steam is immediately condensed. This 
condensation is repeated during the whole stroke of the valve, which on 
returninig finds the:liner coated with minute particles of water that are 
kept in this condition during half a revolution by the surface tension of the 
oil film.- These particles of water then allow the rings to slide over them, 
and on emerging on the exhaust side of the valve, evaporate .again into 
steam. It can easily be seen that if this is what happens, then the leakage 
will be decreased by superheating, as the hot steam gives up its superheat 
to the walls before it condenses, and thus condensation is avoided. If 
valve leakage really takes place in this manner, it should be affected by 
the speed of running, i.c., the leakage should decrease with increase of 
speed, as then less time is allowed ‘for’ condensation ‘and =e-evaporation. 
Very probably a decrease in leakage would have been-shown during the 
experiments if the speed had been run up to 800 or 1,000 revolutions per 
minute, as in the case of high-speed engiries; but 200 revolutions per min- 
ute was the highest speed at which the valve could’ safely. be run. _ } 
In order to facilitate this investigation it would ‘be better at this point 
to divide the leakage into two distinct portions, (a) steam leakage, (b) 
water leakage. By steam leakage is meant that portion of the leakage 
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which blows past the rings in the form of steam, through the minute 
fissures left between the rings and the liner owing to imperfect mechanical 
hitting; and by water leakage is meant that portion of the leakage which 
takes place in the form of water according to. the theory of condensation 
and re-evaporation. That these two forms of leakage exist is shown by 
the experiments which were performed when the valve was stationary: in 
mid-position. With saturated steam at a pressure on the valve of 152 
pounds per square inch, the leakage with the valve stationary in mid- 
position is 3.86 pounds per hour. With the valve still stationary in mid- 
position, and a superheated temperature of 409 degrees F., only just suf- 
ficient to dry the steam, the leakage is decreased to 2.4,pounds per, hour. 
These are cases of steam leakage only, as, under the circumstances, no 
other form of leakage is possible. If it were possible to so construct and 
fit a valve that the rings were in contact at every point with the liner, then 
this form of leakage would be eliminated. At. first, sight it seems peculiar 
that there should be any difference between the two, above cases, as the 
area of the fissure between the rings and the liner should be unchanged, and 
hence the quantity of steam blowing through should be independent of the 
temperature. The area of the fissure remains the same, but the reduction 
of the leakage by the application of superheated steam is no doubt due to 
the fact that the latter has a less density than saturated steam, and hence 
a less weight of steam would be blowing through. As soon as the valve 
begins to move then water leakage takes place in addition. For instance, 
in the case of saturated steam, when the valve is running at 200 revolutions 
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per minute at a pressure of 156 pounds, the leakage was 7.8 pounds per 
hour. When the valve was stationary, the leakage was 3.86 pounds per 
hour. The difference between the two, or 3.94 pounds, is the water leak- 
age. Similarly, in the case of superheated steam, the amount of water 
leakage was 2.425 pounds per hour. In both cases the water leakage seems 
to be slightly in excess of the steam leakage, but it is probable that as 
the temperature of superheat was increased the former would decrease 
much more rapidly than the latter. 

From the leakage-temperature curve it can be seen that the leakage de- 
creases with increase of temperature until a temperature of about 500 de- 
grees F. is reached; beyond this the leakage increases rapidly. This is 
very interesting. The only explanation seems to be that at 500 degrees 
F. the distortion of the rings begins to get serious, and this distortion 
increases proportionally to the temperature. At 600 degrees F. the leak- 
age is equal in amount to that at 460 degrees F., and 500 degrees F. seems 
certainly the most economical temperature at which to work a piston valve. 
This distortion of the rings provides a serious drawback to the utilization 
of very high-temperature steam, as at high temperatures, when we should 
expect to get more economical water consumptions, we should probably 
get very serious valve leakage. 

As stated at the beginning of this article, the leakage of a slide valve 
should be the same as a piston valve. A piston valve is simply a slide 
valve bent into a circle, and its advantage lies in the fact that being a 
balanced valve, less power is required to drive it, thus enabling it to be 
used in connection with automatic cut-off governors. At the time of the 
adoption of piston valves, the greater advantage which accrued from the 
reduction of valve leakage was not recognized. The great difference be- 
tween the leakage of slide and piston valves is probably due to the fact 
that the former warp, and thus lift off the face. This is almost proved 
by Callendar and Nicolson’s experiments, in which they show that the 
leakage of a slide valve is proportional to the pressure on the valve. Now, 
the increase of pressure of saturated steam is proportional to increase of 
temperature, which would cause a proportional increase of warping, and 
hence a proportional increase of leakage. Warping is eliminated except 
at high temperatures in a piston valve, owing to its shape, and hence the 
leakage is very small. 

The principal conclusions of the author’s experiments seem to be as 
follows: (a) Piston-valve leakage is not responsible for any appreciable 
amount of the missing quantity, or the leakage of a well-fitted piston valve 
is practically negligible; in fact, it is so small that one wonders where the 
saving of the various forms of patent piston rings on the market can pos- 


P 
sibly be. (b) The leakage does not follow the law K = -_ (c) The 
leakage diminishes proportionally to the increase of temperature until 500 


degrees F. is reached, after which the distortion of the rings causes it to 
increase.—“ The Engineer.” , 





PROPELLING MACHINERY FOR NAVAL VESSELS. 
By Rear-Apmiat H. J. Cone, Encrneer-1n-Cuier, U. S. Navy. 


The advent of the turbine has greatly extended the range of speed at 
which vessels may be safely and continuously propelled: by steam ma- 
chinery. It is, therefore, particularly suited to high-speed vessels. ; 

In the older destroyers a sustained speed of 30 knots necessitated driv- 
ing the reciprocating engine at or beyond its limit of safety and reliability. 
As a result the contract. speed could rarely be. maintained on service, and 
certainly not for any extended period of time. 
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Today the steam turbines of our destroyers can be driven continuously 
at full power as readily as at the lower powers. 

Next below the destroyer in the speed scale is the scout cruiser; of these 
we have three, the Birmingham, Chester and Salem, similar in design, ex- 
cept as regards their machinery installations. The Birmingham has re- 
ciprocating engines, the Chester, Parsons turbines, and the Salem, Curtis 
turbines. The contract-trial speeds were: Birmingham, 24.325 knots; Ches- 
ter, 26.52 knots; and Salem, 25.947 knots, thus demonstrating, asin the 
case of the destroyers, the superiority of the turbine for development of 
high speed. 

A rather unexpected result of our experience with these vessels on 
service has been the greater reliability of the reciprocating engine. In the 
case of this type of vessel, where the reciprocating engine is admittedly 
out of place, it was confidently expected that the turbine would demon- 
strate its superiority in this regard. Thus far, however, under similar 
conditions of service, the machinery of the Birmingham has required con- 
siderably less repairs than that of either turbine vessel, and of the three, 
the Birmingham has always been the one whose availability for service 
could be most be relied upon. 

Thus for the scout cruiser, while the turbine is the most suitable type of 
machinery, its superiority over the reciprocating engine is not so manifest 
as in the case of the faster destroyer. 

As we descend the speed scale into the region of the more important 
naval vessels of medium speed, the turbine is still less clearly indicated 
as the best type of propelling engine. This is because of the relatively in- 
creased importance of its principal deficiencies which are: 

(1) A tendency to disablement to a degree requiring repairs beyond 
the capacity of the ship’s force, thus temporarily destroying the military 
value of the vessel. 

(2) A lack of economy of steam consumption at the lower speeds, which 
affects the cruising radius of the vessel. 

Regarding the first of these, there is a tendency to a rubbing and strip- 
ping of the turbine blading, due to the small clearances necessarily em- 
ployed, the causes of which are sometimes obscure, and the prevention of 
which is accordingly difficult. 

The reblading of a damaged turbine can be done only at a navy yard, 
and requires the lifting of the casing and the rotor, which in itself is a 
considerable item. In our experience this work has seldom been com- 
pleted within a month. 

Improvement in design, greater experience with the operation of the 
turbine, and better facilities for its repair, will doubtless reduce somewhat 
the extent and importance of this trouble. But at present the reliability 
of the turbine in service must be considered as probably not as good in 
a medium or low-speed vessel as that of the reciprocating engine in its 
present development, with forced lubrication of its bearings. 

Inferiority of the turbine in its economy at the lower speeds is probably 
inherent. At the cruising speed of a battleship, the reciprocating engine 
is 20 to 30 per cent. more efficient than the turbine. 

These failings of the turbine are due in a great degree to the conditions 
governing its use in naval vessels, and are not manifest in its other appli- 
cations.’ When driven continuously at high speed, ‘as with electric gen- 
erators, and, to a less degree, in high-speed passenger vessels, its efficiency 
as compared with that of the reciprocating engine is entirely satisfactory, 
and in a vessel the nature of whose service is such that’ the turbines can 
be kept warm during the short intervals between runs, the danger of strip- 
ping during the warming-up period largely disappears. The irregular 
movements of naval vessels, howevér, with their frequent periods in port 
with cold turbines and their considerable cruising at low speeds, impose 

handicaps on‘the turbine in these two respects. 
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The peripheral speed of turbines for maximum efficiency should be not 
less than half the velocity of the steam. To secure this maximum efficiency 
within practicable limits of diameter of the turbine requires, ordinarily, 
revolutions per minute of from 1,500 to 3,000. These speeds are perfectly 
practicable for electric generators, but are unsuited to the marine pro- 
peller, whose efficient working requires revolutions, depending upon its 
diameter, of from 70 to 800 per minute. 

There is presented, therefore, the problem of providing a method in 
which a high-speed turbine may be made to drive a slowly-revolving pro- 
peller, thus conserving both turbine and propeller efficiencies. 

Two methods of accomplishing this are particularly prominent just now. 

Reduction-Gear Drive.—The collier Neptune, built by the Maryland 
Steel Company at Sparrow’s Point, Maryland, has been equipped with re- 
duction-gear machinery constructed by the Westinghouse Machine Com: 
pany. This collier is a twin-screw vessel, displacing 19,300 tons, with a 
speed of 14 knots. Steam at a pressure of 200 pounds is supplied to a 
Westinghouse-Parsons turbine for each shaft, each turbine developing 
about 3,600 shaft horsepower on 1,220 revolutions. Between the turbine 
and its propeller shaft is mechanical gearing which will reduce the pro- 
peller speed to 135 revolutions per minute at about 14 knots. The gear 
pinions are carried in floating frames supported by oil pistons in stich man- 
ner as to effectually take up any irregularity in the gear cutting. The oil 
pressure on pistons is indicated on gages which afford a means of directly 
reading the tooth pressure, and thus calculating the power being developed. 
A novel feature of the installation is a provision for operating the pro- 
pelling machinery from the bridge. The shop tests of the gearing for the 
Neptune have been very satisfactory. The gears have demonstrated an 
efficiency of transmission in excess of 98 per cent., and have run quietly 
for long periods with no apparent wear. There is no back lash on 
reversing. 

Extensive trials of the Neptune will be held. 

Reduction gearing as installed in the cargo steamer Vespasian by the 
Parsons Company has successfully completed a year’s trial, during which 
its durability has been tested under the severe conditions of weather in 
the North Sea during the winter months. The vessel has made thirty-two 
trips, a total of about 20,000 miles, carrying coal from the Tyne to the Con- 
tinent and returning with water ballast. It is reported that during this 
time there has been no appreciable wear in the teeth of the gearing, and 
that there is practically no slackness apparent, although no provision was 
made of adjustment for wear. A noticeable feature of the installation has 
been the almost entire suppression of the tendency to racing of the en- 
gine, even in weather when the propeller has been entirely out of water. 

Electric Propulsion in a Naval Collier—tIn the naval collier Jupiter, a 
vessel similar to the Neptune, which is being constructed at the navy yard, 
Mare Island, California, there will be obtained a trial of a method of elec- 
tric propulsion. A. contract for this machinery has been placed with the 
General Electric Company. In this system it is proposed to install one 
turbo-generator running at a maximum speed of about 2,000 revolutions 
per minute, and delivering current with a potential of 2,300 volts to in- 
duction motors, one on each propeller shaft. The power from the turbine 
will be transmitted to the propeller shafts, electrically, with a speed reduc- 
tion in ratio of 18 to 1. Khe efficiency of transmission is expected to be 
about 91 per cent. The water rate for this installation is stated to range 
from 12.15 pounds per shaft horsepower at 14 knots, to 15.55 pounds at 
10 knots. 

In the case of a battleship the proposed form of electric drive con- 
templates two turbo-generators driving two motors on each of the two 
main shafts. This multiplicity of units combined with a pole-changing 
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device on two of the motors, promises an economy close to the maximum 
at all speeds above 10 knots. 

Comparing the electric with the mechanical reduction gear it is at once 
evident that the latter has the superior efficiency of transmission. In the 
case, however, of a vessel in which economy at the lower speeds is re- 
quired, the flexibility of the electric installation, as outlined for a battleship, 
might overcome this disadvantage. 

As with the scout cruisers, we will, therefore, probably have in service 
three similar colliers with different types of propelling machinery, the 
Cyclops being already in commission with an excellent installation of re- 
ciprocating engines, which on trial developed a horsepower on less than 
1.5 pounds of coal per hour at full power. 

Combination of Turbines with Reciprocating Engines—The combination 
of a reciprocating engine working the steam from boiler pressure down to 
nearly atmospheric pressure, and a turbine which works from the exhaust 
pressure of the reciprocating engine down to the vacuum, is a particularly 
efficient one, because under such conditions each engine is working in the 
pressure range to which it is best suited. Such combinations are used with 
great success in power plants on shore and in certain moderate-speed pas- 
senger vessels, notably the Olympic, Titanic, Laurentic and Otaki, Its 
principal value is in economy of steam consumption at full power in a 
medium-speed vessel, in which case it probably gives a gain in economy 
over the reciprocating engine or turbine of not less than 10 per cent. In 
the case of naval vessels whose cruising speed requires only from 1/7 to 
1/12 of full power, the advantage of this combination is not so impressive. 

There is, however, a combination of reciprocating engine and turbine 
which: has its maximum efficiency at the cruising speed. This consists in 
the use of a small reciprocating engine in a manner similar to that of the 
cruising turbine in a Parsons turbine installation. The reciprocating en- 
gine, whose size is limited to that required to pass the steam for the de- 
signed cruising speed, exhausts through the turbines. At higher speeds 
the reciprocating engine is disconnected. The weight of the reciprocating 
engine, and the space required, are less than for the cruising turbines, and 
it 1s probable that the engine will be less prone to disablement than the 
cruising turbine. The principal difficulty involved seems to be the design 
of the clutch connecting the reciprocating engine with the turbine shaft. 

In another combination which suggests itself, and which, theoretically, 
has about the same efficiency, there is substituted for the reciprocating 
cruising element a small high-speed turbine connected by reduction gear- 
ing: to. the.main turbine shaft. ; 

The selection of machinery for a naval vessel at the present time, there- 
fore, requires a careful consideration of a number of possible types. _ 

Heavy-Oil Engine——It now seems probable that none of the foregoing 
methods of propelling medium-speed naval vessels, all of which are forms 
of steam machinery, will endure: This-in consequence of the recent re- 
markable development of heavy-oil engines of the Diesel type in Europe. 
Hitherto oil engines have not merited much consideration for large naval 
vessels on account of the limited power that could be developed in a 
single cylinder. An installation of any considerable power required a 
multiplicity of ¢ylinders.’ Now, however, 'we are credibly informed that 
1,000 horsepower has been developed in a cylinder about 33 inches in 
diameter with a 40-inch stroke, at 150 revolutions per minute, in a 2-cycle 
marine-type readily-reversible engine. ‘This engine has a speed control 
that is satisfactory, and an economy of fuel consumption probably twice 
that of a steam engine. An experimental double-acting marine engine, 
with three cylinders, of about this same size, has been built to develop 
6,000 brake horsepower at 150 revolutions per minute. In the development 
of the oil engine the trunk piston is being abandoned and crossheads and 
connecting rods used. It will, therefore, resemble the reciprocating steam 
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engine, and our experience with the latter will prepare us for the operating 
and repairing of the oil engine. 

As in the case of all first installations, of whatever type, there will prob- 
ably be disappointments in the first applications of the oil engine in marine 
propulsion, and it may be that further development of the engine may be 
found necessary prior to its extensive adoption. However, the superior 
economy of the oil engine, together with the elimination of the steam boiler 
and condenser will cause us to be patient in the face of a considerable 
amount of trouble. 

The extent of the adoption of the oil engine by the nations of the world 
will be largely affected by the supply of oil available. We are in a par- 
ticularly fortunate position in this respect, producing, as we do, two-thirds 
of the world’s supply. 

Use of Fuel Oil in Place of Coal—In our new construction we are 
greatly extending the use of oil in steam vessels. All our new destroy- 
ers are oil burners, and it is hoped to extend its use to the larger vessels, 
including battleships. Some of the advantages of oil as compared with 
coal are as follows: 

With oil an evaporation per pound of fuel greater than with coal in the 
ratio of about 14 to 9, and per square foot of heating surface in about the 
ratio of 10 to'8, is obtained. Fuel oil can be taken aboard readily without 
manual labor and without interruption to the routine of the ship. 

Steam for full power in such a vessel can be maintained as readily as 
for low power. A vessel burning oil.is capable of prolonged runs at full 
speed limited in length only by the supply of fuel. There is no reduction 
in speed due to dirty fires or to difficulty in trimming coal from remote 
bunkers. 

There are no cinders and the amount of smoke can be controlled. 

A considerable reduction in personnel is possible, the size of the fire- 
room force required being limited to that necessary for overhaul and clean- 
ing of the plant. 

The weight and space required for boilers is reduced, first, by the re- 
duction in heating surface required, and second, by the shortening of fire- 
rooms, no space being required in front of boilers for handling fire tools. 

Coal and ash-handling gear is eliminated, This renders unnecessary the 
piercing of the hull for coal trunks and for discharges from the ash ex- 
pellers or ash ejectors, 

The stowage and handling of oil is much easier than of coal, and will 
result in a much cleaner ship and consequent increase in time available for 
drills. 

The mechanical supply of fuel to the boilers gives a prompt and delicate 
control of the steam supply, permitting more sudden changes in speed than 
with coal, which is a tactical advantage——‘ Scientific American.” 


PROPERTIES OF AIR AND STEAM MIXTURES IN RELATION 
TO CONDENSING PLANT. 


By THomas B. Mortty, B.Sc, A.M.I. Mech. E. 


Of recent years. much attention has been given to the subject of the 
effect, on the performance of; condensing plant, produced by air mixed 
with the exhaust steam. It has been recognized that even if leakage’ of 
ait into the exhaust pipe and condenser were. absolutely prevented, there 
would still pass into the condenser air which had entered the boiler. dis- 
solved in the feed water, and had passed through the engine with the 
steam, so that in all cases it is not merely steam that the condensing plant 
has to deal with, but a mixture of steam and air. 
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The effect of air on the behavior of the condenser and air pump (or 
pumps) is very marked, especially if the leakage of air into the exhaust 
is large, as it is in a carelessly jointed pipe line; hence it is important to 
have a clear knowledge of the properties of air and steam mixtures at the 
temperatures and pressures usual in condensers. 

Several papers dealing with experiments on condensers and condenser 
problems have been published, and some have included diagrams embody- 
ing data for air and steam mixtures. Usually in these papers, however, 
the explanation of the principles and of the method of constructing the 
diagrams has not been very full, and the object of this article is to. explain 
the method of calculating the data used in constructing one of the most 
useful of such diagrams, and to show its application. 

Although no claim for absolute originality is made for the accompanying 
diagram, it may be remarked that it combines information not (so far as 
the writer is aware) previously collected into one diagram, and that the 
data have all been recalculated, the properties of steam being taken from 
Marks and Davis’ “ Steam Tables.” 

The fundamental principle (attributed to Dalton, and sometimes called 
“Dalton’s law”) regarding mixtures of ‘gases or vapors is that the pres- 
sure of the mixture is the sum of the pressures of each of the constituents, 
each of which fully occupies the space containing the mixture. For ex- 
ample, 1 cubic foot of air and steam, consisting of 1 cubic foot of steam at, 
say, 90 degrees F. and 0.696 pound per square inch absolute pressure, and 1 
cubic foot of air at 90 degrees F. and 0.778 pound per square inch will have 
a total pressure of 0.696 + 0.778 = 1.474 pounds per square inch, which is 
equivalent to 3 inches of mercury, or the mixture is at a pressure corre- 
sponding to a vacuum of 27 inches with barometer at 30 inches. The 
pressures of the constituents are called “partial pressures.” 

The temperature is uniform throughout (equilibrium being assumed) 
and the “ partial pressure” of the steam is that, corresponding to the tem- 
perature, and is independent of the presence of the air. 

Unlike a pure saturated vapor, a mixture of steam and air may change 
in temperature without changing in pressure, the temperature depending 
on the relative proportions of steam and air, on which the “ partial pres- 
sure” of the steam depends. 

The relation between the temperature, the pressure and the ratio of air 
to steam by weight may be found as follows: 

Consider a quantity of steam and air containing 1 pound of steam, and 
let the, temperature of the mixture be ¢ degrees F., and the pressure p 
pounds per square inch absolute. Let the saturation pressure of steam at 
t degrees F. be q pounds per square inch absolute, and let the specific 
volume of the saturated steam be V cubic foot per pound. 

Then the mixture consists of 1 pound of steam at a partial pressure g 
pounds per square inch, temperature ¢ degrees F., and occupying V cubic 
foot, together with a quantity of air at a partial pressure (p—q) pounds 
per square inch, temperature t degrees F., and also occupying V cubic foot. 

Now at 60 degrees F. and 14.7 pounds per square inch, 1 pound of air 
occupies 13.1 cubic feet, therefore 1 pouiid of air at ¢ degrees F. and 
(p—q) pound per square inch occupies 


14.7 t + 460 = t+ 460 ‘ 
ae aed ah ad 13.10.37 —"—— cubic feet. 
pa * 00+ 460 * Pa 


Hence the V cubic foot of air in the mixture under consideration weighs 


_ (6-9) V__ pounds, and thé ratio R f air to steam by weight is 
037 + 460) pounds, an ratio R, say, of air to steam by weigh 


given by the equation 
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If pressure be expressed in inches of mercury, the formula becomes 


dics (p—a)V 
R 1.325 t+ 460— . 


Example—Let the mixture be at 27 inches vacuum (with barometer at 
30 inches), and temperature 90 degrees F. 

From steam tables the pressure g, corresponding to 90 degrees F., is 
0.969 pound per square inch, or 1.417 inches of mercury, and V is 469.3 
cubic feet per pound. The pressure p of the mixture is 3 inches of mer- 
cury; therefore 


(3—1.417) 469,3 
90 +460 
Since the expressions giving q and V in terms of t are very complicated, 


it is difficult to work the above equation to find the condition of a mixture 
if R and p are the given data. 





R= 1.325 


= 1.75. 


The most satisfactory plan is, for particular values of ¢, to connect 
values of R and of p with some other quantity having a simple relation to 
both, and to collect the results in the form of a diagram. Such a connect- 
ing link between FR and p is provided by the volume of 1 pound of satu- 
rated air—u, say. Using notation as before, 1 pound of air has a partial 
pressure (p—q), and, as shown in the previous calculation, its volume is 

0.37 1s = cubic feet. 


(p and q being in pounds per square inch) —+. ¢., 


“u=0.37 X t+. 460 cubic feet. 
p-4q 


If the pressure is expressed in inches of mercury, the formula becomes 


u= 0.755 & t+ 460 cubic feet. 


It must be noted that u is the volume of 1 pound of air, not of 1 pound 
of mixture—. ¢., itis the air alone in the volume u that weighs 1 pound. 
Example —Let t be 90 degrees F.; p, 27 inches vacuum, or 3 inches of 
mercury. 
From steam tables g==0.696 pound per square inch, or 1.417 inches of 
mercury; therefore 
90 + 460 


u == 0.755 x ——_ = 262 cubic feet. 
3— 1417 


Values of u are calculated for a series of values of p and t, and the dia- 
gram is constructed by choosing temperatures as abscisse and plotting 
values of « as ordinates; the full-line curves correspond to particular 
values of the pressure. 

The diagram should, of course, be drawn upon squared paper. 

It now remains to connect values of the ratio R with values of u. We 
have already found 

R= wie slg? ie 
0.37 ¢ + 460 


and 


4 = 0.37 t+ 460, 
p—4q 











therefore 


“= —. 
R 
Example.—Let the temperature be 90 degrees F., and ratio R of air to 


steam be 2. V corresponding to 90 degrees F. is 469.3 cubic feet per 
pound; therefore 


al = 234.7 cubic feet. 


— 169.3 
3 

Plotting the results of such calculations, the dotted lines on the diagram 
are obtained for particular values of the ratio R. The diagram not only 
represents the properties of air and steam mixtures, but is capable of 
useful applications in the solution of condensing-plant problems. 

The substance (other than the water of condensation in the case of a 
‘wet”-air pump) passing from the condenser to the air pump is satu- 
rated air, and its volume is shown by the ordinates of the diagram. The 


‘ 


i 
3 
8 
3 
‘ 
: 
é 


_Q 
at Suction ofA 


‘Volume in Cub ft. of 1L6. of Air, 
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diagram illustrates (by tracing a constant-vacuum line) the great increase 
in air ratio and reduction in volume due to cooling the condenser dis- 
charge, and if a reasonable estimate of the amount of air likely to be pres- 
ent in the exhaust steam can be made, the diagram may be used to de- 
termine the size of the air pump. 

Mr. 7.. 6. McBride has shown that under average conditions and for 
26 inches vacuum it is necessary to provide for 4.5 volumes of air per 
10,000 volumes of steam in the exhaust pipe. To compare this with the 
diagram it is necessary first to find the weight ratio of steam and air. We 
have to compare the weight of 4.5 volumes air at 26 inches vacuum and 
125 degrees F. with that of 10,000. volumes steam at the same temperature 
and pressure, [125 degrees F. is the temperature of saturated steam at 26 
inches vacuum. The presence of air in usual quantities is insufficient to 
lower appreciably. the temperature of the mixture below saturation tem- 
perature until condensation is almost complete, so that in the exhaust pipe 
the temperature is practically that. of saturation corresponding to the 
vacuum, | 

1 cubic foot of air in the condition specified weighs 0.00906 pound, and 
1 cubic foot of steam:.0.0056% pound, so that the ratio of air to steam by 
weight is 

4.5 & 0.00906 __ 
10,000 0.00567 caene 

Let the temperature at the air-pump suction be ¢ degrees F., and the 
pfessure p. From the diagram the volume u of 1 pound of saturated air 
is determined. Now 1 pound of water of condensation occupies 0.016 cubic 
foot, 1 pound of saturated air occupies u cubic feet, and the actual weight 
of air in the air-pump suction per pound of steam is 0.00072 pound, hence 


Volume of air 0.00072 u 


pS Be ce « i =e 7, ‘say, =) 
Volume of water of condensation ¥ 0.016 





It is found that from a vacuum of 24 inches to one of 29 inches the 
weight ratio of air to steam remains practically constant at 0.00072; hence 
for any usual vacuum the air-pump ratio r is proportional to u, and thus 
a second vertical scale may be added to the diagram, giving the values 
of the ratio r. 

In order to allow for variations from the average air proportion of 4.5 
volumes per 10,000 volumes steam, it is convenient to plot this second 
scale for an air proportion of 1 part in 10,000. 

In this case 

0.00072 u 


r= ——--—~ =—0.01 u. 
4.5 «0,016 


The scale of r is shown at the right of the diagram. 

As an example of-its use, let the vacuum be 26 inches,.and the tempera- 
tufe of thé air-pump suction 110 degrees F,; then from the diagram r is 
found to be 3,1; hence for the air proportion of 4.5. yolumes per 10,000 vol- 
times steam, the ratio by volume of air’ to water in the air pump would be 
3.4 X45 == 14, and the displacemerit.of the (“ wet”) air pump would be 
15 times ‘the volume of the condénsed steam. 

Hf it were considéred sufficient to alfow for’an air leakage of 4-volumes 
per 10,000 volumes stéam, then the ratio would beeome-3.1 x 4 ==12.4, and 
the air-pump displacement. would be. 13,4 times the-volume-of.the con- 
defised steam. In this way the size of the air “pump for a proposed instal- 
lation may be readily determined to suit anygair leakage the designer's ex- 
perience and judgment may. lead him to consider probable. 

_—" Engineering.’ 
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STATUS OF THE SMALL STEAM TURBINE* 
By W. J. A. Lonpon, 


The new uses for the turbine and the fact that all builders of small 
turbines are turning out more work every year are sufficient evidence 
that there must be some very good reasons for this change in ideas. In 
studying the early history of the steam turbine, it will be found that the 
greatest factor tending to retard the advancement of the turbine was’ not 
the turbine itself, but the difficulty of finding a suitable and satisfactory 
machine that it could drive. The troubles experienced with generators in 
the early days are ancient history, and with the applications of. the small 
turbine for auxiliary purposes, history is again repeating itself. The small 
turbine has been established for a long time, but many difficulties have 
been encountered in the satisfactory production of efficient generators, 
pumps and blowers in order to make the whole unit a commercial success. 
The makers of this apparatus have appreciated the indisputable advant- 
ages of the turbine drive and have laid themselves out to cater to this’field, 
resulting in commercially satisfactory machines to fill the place of prac- 
tically all engine and electric-driven auxiliaries in the past. 

Considering the three types of prime movers for auxiliary machinery, 
there are the electric drive, the reciprocating engine and the steam turbine. 
The motor. drive may sometimes be most efficient, but this is questionable 
when exhaust steam can be used. It is the simplest form of drive, is 
clean and can be installed in a simple manner. There are no steam pipes, 
pet cocks or other encumbrances, Against the electric drive there have 
to be faced the disadvantages of probable electrical leakages and the seri- 
ous accidents resulting therefrom. 

While in Europe the electric drive has been the most popular for many 
years on account of the use of the economizer in those countries in place 
of feed-water heaters, many of the latest stations are now changing over 
to steam drive for their auxiliaries. Reliability in auxiliary machinery 
is of vital importance, and it is obvious that, by taking the energy from 
the primary source of power and from the supply least likely to fail, 
namely, the boiler, the chances of break-down are minimized. 

Advantage of Turbine over Reciprocating Engine,—For steam-driven 
auxiliaries the choice is between the reciprocating engine and the turbine. 
The reciprocating engine naturally requires more attention than a motor, 
cylinder lubrication being almost. invariably necessary, resulting in the 
discharge of oil to the heater or to the condenser, and therefore to the 
boiler. Again, there being more working parts, the wear of reciprocating 
engines is greater than in a motor. With regard to the steam turbine, this 
approaches the simplicity of the motor as nearly.as.it is possible for. a 
there are the electric drive, the reciprocating engine. and the steam turbine. 
steam unit to:'do. The number of bearings is,the same and the duties 
on the bearings are approximately the same; therefore the attendance of 
the two units can be said to be about equal. In favor of the turbine 
over the reciprocating engine, are the: elimination of pet. cocks and the 
danger of waterhammer and internal lubrication, and, with the introduc- 
tion. of superheated steam to modern plants, the consensus of opinion 
at the present day seems to be that the turbine is by far the more. suited 
to this work than the reciprocating engine.. The/simplicity of the turbine, 
and its limited-amount of necessary attendants, is.a factor bearing directly 
on station costs in view of the cheaper grade of labor. permissible. 

One great drawback to the turbine for years has, been the ignorance of 
‘the average engineer as to the mechanical construction .of; these machines, 
together with a prejudice against their apparently high speeds.. The tur- 
bine rhaker is probably a great deal.to blame for this. condition of affairs, 


* Presented at the New Haven meeting of the American Society of Mechanical 
Engineers, by Chief Engirieer London, ‘of the Terry Steam! Turbine Company. 
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it having been the policy to keep the construction of the machines dark. 
A broader view, however, exists at the present time, and consequently 
engineers are becoming more experienced and tow feel themselves com- 
petent to take care of these machines without having to send to the manu- 
facturer for the smallest repair or adjustment that may be necessary. 

Efficiency of Small Turbine.—With regard to the efficiency of the small 
turbine, both with regard to.a comparison of different types and to a com- 
parison with motors or reciprocating engines, the writer would like to 
enlarge on, the real meaning of efficiency. The question of water rate 
does not cover the situation. In a 5,000-kilowatt turbine, the consumption 
of each pound of steam per kilowatt means probably $2,400 per year. In 
a small turbine, a difference of one pound per horsepower in a 100-horse- 
power machine means for the same period of operation, $48 per year. 

Practically all small turbines on the market at the present time can be 
improved in water-rate efficiency. This can be done by increasing the 
speed in revolutions per minute or by increasing the peripheral velocity, 
using! larger wheels, or by an increased number of stages. All these 
points mean additional complication, additional weight and higher first 
cost. 

For the sake of argument, a single-stage turbine with a 2-foot wheel, if 
increased 3 inches in diameter will bring down the water rate from 38 to 
36 pounds; in other words, a saving of 5 per cent. would mean an increase 
in weight of the whole turbine of about 17 per cent. The increase in floor 
space would be 10 per cent., and the increase in the cost or selling price 
would be approximately 15 per cent. The point then for the designer to 
consider is where to draw the line between absolute water rate and com- 
mercial efficiency. 

It is obvious that a comparatively slow-speed machine will give less 
trouble, not only to itself but to the other end of the apparatus, and a 
breakdown due to over-sensitiveness on the part of the turbine of high 
efficiency will soon run away with the money saved by the increased 
efficiency. 

For example, assume a 100-horsepower turbine of a slower speed to 
consume 2 pounds more per horsepower than another, which means an 
additional cost of about $96 per year. This $96 per year means 4 cents 
per hour, and the difference between the cost of unskilled labor necessary 
for the one machine and the skilled labor necessary for the attention of 
the other generally amounts to much more than this. Assuming the case 
of an exciter running a large engine, one hour’s shutdown per year at the 
tate of 3 cents per kilowatt-hour will more than pay for this additional 
coal bill. 

Suppositig again the turbine is to run the condensing apparatus, the dif- 
ference in steam consumption of a 5,000-kilowatt machine running over 
from condensing to’ noncondensing will take a running period of only six 
hours to pay for the’ $96 additional coal consumed. This question of 
reliability is, to the writer’s mind, riot’ sufficiently emphasized, and should 
be considered’ ‘an absolutely direct part of the efficiency factor, and the 
average engineer is now’ sufficiently ‘well versed in the construction of 
steam turbines to’ be ablé to determine for himself what he can expect 
in overall ‘efficiency: when given the water rates and the construction of 
the ‘yarious ‘machines. : 

Not a “ Steam Hog.”—With reference to the actual water rates obtained, 
the idea existing among many engineers that the turbine is ‘a “steam 
hog” is entirely erroneous, as will be shown. Of course, examples can 
be found every day where conditions are such that if economy is a factor 
to be considered, poor judgment was shown in the first instance*in ever 
installing a turbine. This state of affairs is not by any means confined 
to the small turbine;’ many examples of it may be seen in the larger 
marine installations. : 

In practice, the engineer does not care about turbine water rates. He 
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is interested in his overall water rates per air, electrical or water horse- 
power, as the case may be, and instead ‘of always criticizing the turbine 
end, it is the other end that for many years has needed reforming. 

Water-rate Efficiency—The work of the builder of the other apparatus 
has resulted in a unit which can hold its own against all competition, not 
only in reliability but in actual water-rate efficiency. It has been a practice 
for years to run gas blowers at turbine speeds, but as there were no tur- 
bines in the earlier days, the belt drive was adopted. Later installations 
are using the direct turbine drive with the same blower speed as pre- 
viously, which gives a better overall efficiency. A fair figure at the present 
time for a modern gas plant operating with 125 pounds steam noncon- 
densing, with a turbine of 100 horsepower, is about 70 to 80 pounds per 
air horsepower with a blower pressure of 22 inches. 

In some tests quoted by Mr. Morehouse in a paper read before the 
Southwestern Gas & EjJectric Co. on an engine-driven fan of 6,000 cubic 
feet capacity, with 20 inches pressure, the water rate per air horsepower 
was 141 pounds. Some recent tests on a turbine blower of slightly larger 
capacity, also operating under normal gas-works conditions, show an 
actual water rate of 76.2 pounds. In some of the later installations, 
higher blower pressure is, being employed... Not only does the turbine 
efficiency in this case increase, but the fan efficiency also. In a recent test 
carried out on a’40-inch blower for the Brooklyn Union Gas. Company, 
.58.5 pounds per air horsepower was obtained, with a.steam: pressure at 
the throttle of 145 pounds noncondensing, 

Further tests on this equipment show a turbine water rate, when op- 
erating with 117 pounds steam and 5 pounds back pressure, of 36 pounds 
per brake horsepower or a Rankine cycle efficiency of 49.8 per cent. This 
figure is remarkably good, but it only shows what can be done in) other 
installations if the apparatus to which it is connected can be, brought. up 
to the same standard of efficiency as can'the turbine at turbine speeds. 

The question of generator efficiency is no longer an unknown quantity, 
and guarantees made .on brake horsepower’ can readily. be verified, from 
the electrical readings. It is unfortunate that the. same cannot be said 
with regard to pumps and blowers, and it is often found, that..where a 
guarantee is made by the turbine builder and it apparently falls down on 
an actual test with a blower or pump, the pump is not operating under 
conditions called for in the contract and it is therefore not, running at 
anywhere near the efficiency specified. ; , 

Comparative Performances of Turbine and Engine-driven Pumps.— 
With regard to the comparative performances of turbine-driven and en- 
gine-driven pumps’ for boiler-feed purposes, some interesting compari- 
sons are obtainable from the tests made on board the scout cruisers Birm- 
ingham, Chester and Salem. Together with these figures are given the 
water rates that are obtainable from the modern turbine boiler-feed pump, 
showing a marked increase in efficiency in favor of the-turbine-driven sets. 
(See table.) 


Water Rates of Small Turbines. 




















Pathe # Steam Back ;. | W_H.P. . Improve- 
pressure, | pressure, | G. P. M. ae in| Water —— ment, 

pounds. | pounds. 7 rate. * | per cent. 
Birmingham ose soveres 183 6 329 488 $3.0 61.8 25.5 
; ms Sicbocktias bed 203 6 193 690 91.8 61.2 33-6 
CHOStEP ..eversereseerves peneel 187 6.7 219 610 101.0 - ' 64.0 34.6 
2758 187.0 93-7 
Average 91.9 62.4 31.2 
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The assumed pump efficiency equals 85 per cent. and the assumed en- 
gine efficiency equals 90 per cent. on reciprocating sets. 

Napier’s: Formula—On the general subject of the steam consumption 
of small steam turbines, it is strange that Napier’s simple formula 


__ PA 
MG 


where 


W=Weight of steam per second; 
P=Absolute higher pressure; 
A= Area of passage in square inches; 


for the flow of steam through nozzles cannot be used to greater commer- 
cial advantage than it is at the present time. This well known formula has 
been proved so many times to be approximately correct that it is a pity 
that it is not more used to compute the steam consumption. The majority 
of small turbines now operate with a terminal pressure at the jet below 
0.58 of the initial pressure, so that this formula can be readily applied to 
any machine and the steam consumption determined by placing a gage in 
the steam ring. 

The maker could be called upon to give the number and the size of the 
jets, and in this way an instantaneous reading could be taken at any time- 
showing the amount of steam passing at any one time. If this were done, 
less claims would be made ‘that a turbine is passing a greater amount of 
steam than the makers claim for it. Of course, when it comes to a ques- 
tion of pump efficiency, this is a harder matter to determine, and it is 
possible that at a given water horsepower the turbine does require more 
steam than called for. This can only be tested out by means of a dyna- 
mometer or brake to find out where the trouble lies. 

By a slight modification to the constant 70 in Napier’s formula for 
various jets, figures can be obtained as accurate as is possible by actual 
measurement. In a series of tests carried out within the last few days 
on a certain machine, in seven readings with a ring pressure varying 
from 40 to 150 pounds, the minimum discrepancy between the calculated 
and the actual results was 1.3 per cent. and the mean over all the read- 
ings, 0.443 per cent. 

The actual figures obtainable on test and those calculated are as follows: 





Napier’s Actual Per Cent. 
Formula Tests Variation 
2,028 2,043.6 0.8 
1,264 1,248.0 1.3 
1,935 1,934.0 0.0 
2,625 2,638.0 0.4 
1,905 1,906.0 0.0. 
3,047 3,066.0 0.6 
2,272 2,272.0 0.0 

5.1 





Average, 0.443 


Simplicity of Design—The construction and the general design of small 
turbines have been so thoroughly dealt with in other papers that it is not 
considered necessary. to go into this phase of the subject. The writer 
would, however, like tc bring forward the fact that in small turbines, as in 
the larger units, the designs and mechanical construction are all-important 
factors. What is considered good practice in the design of large turbines 
is, however, in many cases a mistake in small machines. 
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As to the details of the machine, the design should be as simple and the 
governor and other mechanism attached thereto as fool-proof as possible, 
even at the expense of efficiency if necessary. The wheels, etc., should 
be readily accessible, as facilities for handling such machines in the places 
where they are so often installed are very inadequate for this purpose, and 
the time allowed for the dismantling of an auxiliary is often only a few 
hours at the middle of the night. 

That machines are designed to fulfill these requirements, and that com- 
plications in the design are unnecessary are proved by the constructions 
now employed. For example, it is thought by some engineers that the 
single governor mounted irectly on the turbine shaft cannot be made 
sufficiently sensitive for close regulation. Figures taken from some recent 
government tests on Terry turbines show that this is by no means the case. 

On a series of six consecutive 5-kilowatt machines for the Navy, the 
official figures were as follows: Maximum jump of the worst machine, 
with full load thrown off, 3.28 per cent.; average maximum jump over the 
six machines, 2.61 per cent., with a mean settled variation of 1.19 per cent. 

On two 85-kilowatt sets, ’also for the Navy, the mean figure of the two 
machines were, maximum, 2.77; settled, 2.09.—‘“ Power.” 


IMPROVEMENTS IN SUBMARINES. 
By Henry Bernay.* 


From the beginning of the Dreadnought era, which was characterized by 
a progressive and finally alarming increase in the displacement of ships of 
the line, we hear much less said about submarines. In a comparison of 
fleets they do not enter into the computation, and one would say that 
after having given them perhaps an exaggerated importance several years 
ago, an equally excessive reaction has caused them to be considered to- 
day, at least by some nations, asan auxiliary arm of only a limited interest. 

With the increasing dimensions and speed of surface vessels, the auto- 
mobile torpedo appears to have become less effective; because, on the 
one hand, the vessel’s speed diminishes the chances of its being hit, and on 
the other, the increase in tonnage and more perfect watertight subdivisions 
tend to reduce the damage by explosion. But the automobile torpedo has 
also recently undergone great improvement. Its speed now exceeds 40 
knots; that is to say, in the last twenty years it has increased proportion- 
ally with that of the fast ships. The accuracy of its trajectory has im- 
proved, and, finally, its charge has been considerably increased. However, 
we lack a demonstration of the effect of this charge-on a modern hull, but, 
judging as we can from the test made at Lorient against a bulkhead of 
the Mirabeau its effect will be enormous, and there is no system of  con- 
struction that could withstand it. While it is probably an exaggeration to 
anticipate the destruction of a modern battleship by a single torpedo, at 
least it might disable her for a time. 

To the same extent as the weapon, so has the submarine, that has to fire 
it, been perfected. The opportunities that it will have for attack and the 
chances of success have become more numerous and more probable. These 
depend: principally upon the speed of the submarine—surface and. sub- 
merged. 

A submarine can devote a much greater part of its displacement to its 
propelling machinery than most types of vessels. For ,though its hull, 
necessarily thick, weighs much, its:armament is very light. On ithe first 
Gustave-Zédé, purely electric, the motors and’ storage batteries took nearly 


* Translated from ‘“‘ Le Yacht,” by B. GreGory, Associate. 
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50 per cent. of the displacement light. The more recent submarines have 
more. weight of hull, having been built to withstand much greater pres- 
sures, but they still require for their propelling machinery between 35 and 
45 per cent. of their displacements—as much as fast cruisers. This great 
weight is divided between two independent sets of motors, and therefore 
the speeds of submarines are not of the same order as those of ordinary 
vessels. 

The submerged propelling machinery is the heavier. It takes, according 
to type, from 20 to 30 per cent, of the displacement. It is also the least 
efficient, because it is used when the hull is submerged, that is to say, when 
it offers the maximum resistance. Moreover, the number of storage-bat- 
tery cells is limited, as it is impossible to increase their weight, which is 
already considerable, and, on the other hand, there are also questions of 
space and facility for overhauling, that must be considered. Nevertheless, 
the submerged speed has been much increased; that which was 6 to 7 knots 
has now reached 10 to 12 knots in the latest types. This increase is due 
to the constant and rapid improvement in storage batteries, which are now 
capable of discharging with safety at a rate one and one-half times greater 
than the old type. But it does not appear that we can gain much more. 
In order to do so a light storage battery of the Edison type would have 
to give results that up to the present time have only been obtained in 
laboratories. 

High submerged speed, moreover, brings up other difficulties that make 
it appear impracticable for the present. In the first place the periscope 
standards, which vibrate excessively, must be made more substantial, thus 
rendering them more easily seen in themselves and by their wake. Further- 
more, the submerged equilibrium, constant trim and immersion are more 
difficult to maintain and require horizontal rudders of larger dimensions. 
We are satisfied, however, that none of these difficulties is impossible to 
solve. The solution will be discovered when it is necessary, but we have 
not yet reached it. 

It is this limitation of submerged speed, the tactical element essential 
to the use of the submarine, that is actually its weakest point. On the 
contrary the increase in surface Speed is very great, and we can count on 
further improvement in the near future, because this progress is related 
to that of the oil engine, which is more marked each day. 

Without going very far back we have a striking example by comparing 
the Pluviose, commenced in 1905, with the Faraday, that has just had its 
trials. The former, propelled by steam engines, did not exceed a maxi- 
mum speed of 12.5 knots, while the latter, of the same tonnage but with 
oil engines, attained 15 knots. Vessels very nearly like the Creusot, built 
by foreign navies after plans by M. Laubeuf, should reach 16 knots with 
the same surface displacement of 400 tons and the submerged speeds should 
be slightly improved. Besides, the gain in cruising radius is very great and 
reaches almost to double that of the steam engine, thanks to the small fuel 
consumption of the oil engine. 

We can expect from improvement in these engines an increase in sur- 
face speed for submarines, but it is well known that the requirements of 
those who use the engines are the principal stimulant to the designing 
engineers, which requirements are at this time particularly urgent. We 
want submarines capable not only to defend a short strip of coast like 
those that were first constructed, not only to make relatively long runs 
like the Pluviose and to operate at a great distance from their base,’ but 
at the same time to codperate in fleet engagements on the high seas and to 
bring the full strength of their power to bear at the decisive moment, next 
to which the coast-defense consideration becomes secondary. But, to ful- 
fil this réle more speed and more endurance is necessary than has been 
obtained up to the present time. 

It is this consideration that gave birth to the Navy Department’s elak- 
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orate program in 1908 for seagoing submarines, imposing a trial surface 
speed of 20 knots, with the same radius of action as the torpedo-boat 
destroyers. It is known that this program gave rise to a number of propo- 
sitions, of which that of the Engineer-in-Chief Simonot was adopted, and 
two-type vessels were placed under construction; the Gustave-Zédé, in 
1910, and the Néréide, in 1911. They reached 740 tons surface daolate- 
ment, which was doubtless a mistake, considering the cost, nearly double 
that of the Faraday. But, with submarines as in all classes of vessels, it is 
necessary to allow an increase in both tonnage and cost, according to re- 
quirements and qualities. The displacement of our torpedo-boat destroy- 
ers has varied during the same period and in the same proportion as that 
of our submarines, and we do not build more small vessels of one class 
than another. It is alla matter of comparison between the cost and the 
service tc be performed by new vessels as compared to those that have 
preceded them. 

The increase in displacement permits, not only to attain speeds hereto- 
fore impossible, but also to: sustain these speeds under less favorable 
conditions, which is essential. The objections from a maneuvering stand- 
point will certainly be overcome without much difficulty. It was from this 
standpoint that troubles were feared by the jump from the Pluviose, of 
400 tons, to the Gustave-Zédé, of 740 tons, as was likewise the case is 
* passing from the 200-ton Sirene type to the 400-ton Pluviose, and which 
troubles experience has overcome. It suffices that designers take the neces- 
sary precautions to assure maneuvering qualities and security in spite of 
the increase in dimensions. 

It is not only in France, however, that this idea prevails. In England 
a submarine of 800 tons surface displacement is under construction and 
the Admiralty has admitted this large displacement simply to attain a 
speed of 16 knots. This goes to demonstrate that the ideas on the require- 
ments of submarines have evolved in nearly the same manner on both 
sides of the Channel, with the motor improvements more advanced with 
us. The Germans are also constructing a submarine of nearly equal ton- 
nage. Be it noted, these English and German submarines will be pro- 
vided with a gun of 75 mm. and 88 mm., respectively. It is, therefore, no 
longer admitted that a vessel of this importance could find itself without 
any means of defense and at the mercy of the smaller torpedo craft, if it 
were unable to submerge. This is an example that will certainly be 
followed. 

But, if submarines must have greater speed and radius of action on the 
surface, more speed and radius of action submerged, more habitability anv 
more guns, will they increase more in size? This will be an irresistible 
necessity, if we do not find a way to save weight in the propulsive ma- 
chinery by using the surface motors when submerged. 

We know that this has already been the object of investigation in the 
past, particularly in France. It was in 1902 that the submarine “ Y” was 
placed under construction, which, when submerged, would operate its oil 
engines by means of compressed air released into the hull and then drawn 
into the engines. Special condensers were provided to accumulate the 
gases of combustion and to exhaust them: at long intervals. The con- 
struction of this vessel was lengthy, its engines gave little satisfaction 
even: when working under normal conditions, and, when it was desired to 
run them with the vessel’closed up, it was almost immediately necessary 
to give it up. The “ Y” was condemned without seeing, service. Another 
submarine, the: Omega, was in the meantime constructed to operate on the 
same principle, only, with a greater displacement. It is now steam pro- 
pelled under the name of the Argonaute,. At the same time we undertook 
the construction of two small submarines called, Guépe No. 1 and Guépe 
No. 2, in which the oil engines operated in closed cycle, fed by oxygen. 
The efigines were never delivered and the hulls have remained unfinished. 
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So many unfortunate experiments seem to have discouraged the French 
Navy. They served, however, to make an effort in a totally different di- 
rection, by undertaking i in 1906 the construction of the Charles-Bruin, with 
Maurice steam-storage boilers. This submarine, of 350 tons, begun the 
31st of December, 1906, has not yet made its trials and it is not known 
what it will do. Besides, it does not seem to furnish a complete solution 
of the single-engine submarine, because its speed endurance submerged is 
necessarily very limited. 

But in foreign countries a complete solution of oil engines operating 
under water is being investigated. An Italian shipbuilding firm is actu- 
ally constructing a submarine conceived on this principle, designed by M. 
del Proposto. 

When this problem is solved it will result in the combining of the tor- 
pedo boat and the submarine, a combination that certain parts of the naval 
program of Admiral de Lapeyrére seem to anticipate for the near future. 
It appears premature, however, to expect it before improvements, as yet 
unheard of, are tried to overcome the too-apparent present difficulties. It 
is, therefore, necessary to content ourselves with perfecting the two types 


separately, by enlarging their offensive power and their possibilities in 
action. 


EXPLOSION OF A SPANISH OMELET. 


That Spain is still a little bit hostile to the United States was demon- 
strated to a girls’ class in cookery in Washington Irving High School, at 
No. 142 West Twentieth street, yesterday, when the rude behavior of a 
Spanish omelet resulted in the building taking fire. Miss Emma Crane, 
who was giving the lesson, sounded the alarm and all the girls went out 
with the idea that they were going through a fire drill. It was not until 
they reached the street that they learned of the perfidy of the omelet. 

The glorious American hen had provided her best offering for the 
omelet, the tomatoes had been introduced into the mixture, the Spanish 
onion was feeling perfectly at home, and so were the peppers. The blow- 
up came when the Irish potatoes were put in. They swelled with indigna- 
tion, and of course the omelet swelled with them. It began to look to Miss 
Crane as if her pupils had compounded a felony instead of an omelet. 
Finally the mixture, led by the potatoes, and desiring liberty or death, 
burst from the sheathing of yellow and landed on walls and ceiling. Much 
of the material landed against a blackboard on which the prescription for 
the meal was written. 

The damage to the schoolroom itself i is about fifteen cents, fully covered 
by insurance.—“ The Locomotive.” 


THE GAS-TURBINE.* 
By H, Hotzwartu, Mannheim. 


The turbine described is'an explosion turbine. The combustion chamber, 
marked’ A in Fig. 1, is intermittently filled with the gas and air mixture ; 
then follow ignition, explosion, and increase in pressure of the burnt gases 
and their expansion through the nozzle, after which they act'on the turbine 
wheel marked B. The explosion chamber is next effectively scavenged and 
cooled by fresh air. A number of similar explosion chambers are arranged 
in‘a cifcle at the base of the turbine, and act one after the other. Any 


* Abbreviated translation of a paper read in German before Be meeting of the 
Schiffbautechnische Gessellschaft, held in Berlin, November 23 to 25. 
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kind of compressor may be used in order to maintain the separate cham- 
bers, which surround the explosion chambers on the outside, supplied with 
gas and with air at a low pressure, and a vacuum is maintained at the 
exhaust C. Inlet valves allow the air and gas to enter the combustion 
chamber one after the other. After the combustion chamber has been 
filled with air, gas is driven in, the mixture of both being complete. While 
this is taking place the nozzle valve remains closed; immediately upon 
ignition it is forced open by the pressure of the explosion, and the available 
energy in the gases is transformed into kinetic energy. As the pressure 
falls, due to the escape of the gases, the nozzle valve is forced slowly down 
upon its seat, its action being regulated by an oil relay, so that the air for 
scavenging has sufficient time to clear out the combustion chamber, and to 
effect a certain amount of cooling on the turbine wheel. The spring drives 
the valve hard upon its seat in the explosion chamber, so that during the 
compression of a new charge into the latter no gas can escape. When 
ignition has taken place, oil under pressure enters beneath the valve piston, 
and holds it up, keeping the valve open until scavenging is completed. Fig. 
1 illustrates the first gas turbine of the type built on a working scale. It 
works usually with suction producer gas of 1,100 to 1,200 calories per cubic 
nieter (123 to 134 B.T.U. per cubic foot), and has been designed for a 
maximum output of 1,000 horsepower at 3,000 revolutions. It drives a 
dynamo marked D. The turbine shaft, as will be seen, is supported from 
above. On it is fitted the turbine wheel and the dynamo rotor. From the 
very commencement smooth running was obtained at all speeds, although 
the temperature of the turbine casing rose to 500 degrees C. This was 
due to the fact that the system expands regularly and centrally with an 
increase in temperature. The base of the machine contains all the mech- 
anism for the inlet and outlet of the gases and for their ignition. The 
material used is almost exclusively cast iron. The pressures are much less 
than in reciprocating engines—10, as against 30, atmospheres (147; 441 
pounds per square inch) ; and there is no possibility of pre-ignition; the 
shape given the explosion chamber is a more suitable one for withstanding 
the force of the explosions than that of ordinary cylinders, all of which 
conditions combine to lead to a decrease in the thickness of the walls of 
the engine base (see Fig. 1). The air and gas valves are of the mush- 
room type; they are operated by oil relays, the oil under pressure being 
supplied by a rotating oil distributor. The turbine is provided with a hori- 
zontal governor shaft driven by screw gearing (see E, Fig. 1). On the 
shaft are keyed the main governor, an emergency governor for preventing 
ignition, a tachometer, the gear for operating the vertical oil distributor, 
and the ignition mechanism. 

The action is the following: 

Directly before ignition takes place there is in the explosion chamber a 
mixture of gas and air in the condition represented by po, v%, 7>. On 
ignition taking place, the condition of the mixture becomes fi, v:, 71, and 
it is presumed that when this reaction has taken place regularly, not vio- 
lently, the total available heat beconies free during the explosion, and this 
addition of heat is made at constant volume. On reaching the pi, w, 7: 
condition, communication with the turbine is suddenly established. The 
gases are then expanded down through the nozzle to the condition ps2. v2, T2, 
and the available work they contain is transformed into kinetic energy, 
which in its turn is turned into work by the turbine. The variations in 
pressure, temperature and in the heat contained in the mixture during 
the process can be clearly followed in the entropy diagram, as set forth 
by Stodola in 1898, shortly after the appearance of the Diesel engine. The 
conditions in which this turbine works are, the author claims, the same as 
with the system of gust-governing used with the Parsons turbine. At the 
moment of complete combustion the explosion chamber is filled with gases, 
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which flow out with decreasing velocity until the pressure is that on the 
discharge side of the nozzle. Taking the turbine efficiency to be y, the . 
total efficiency, he states, is ’ 


7 tot. =H x 1 eXP- 


where exp. denotes the efficiency of the explosion. f 

The experiments made with regard to scavenging, charging compression 
and regeneration may be summarized as follows: 

Air scaveriging is absoutey required in order: to maintain the tempera- 
ture of the mixture in the turbine space within reasonable limits (below 
400 degrees C.). With a view to secure good economical scavenging and 
low heat radiation from the walls of the combustion chamber it is neces- 
sary to have the nozzle opening as large as possible. In order to save fuel 
this opening must be closed when charging by means of a nozzle valve. 
The work for air compression if obtained by utilizing the waste heat; this 
has no influence upon the heat balance of the gas turbine. The area of 
the regenerator necessary for regeneration is not greater than that of the 
surface condenser of a steam turbine of equal power. 

The temperature of the mixture.before ignition is important. On this 
depends the method of reaction, whether ordinary combustion or detona- 
tion; also the regularity of the process, and, above all, the explosive effi- 
ciency; it determines whether a pure mechanical process takes place, 
or undesirable heating.. The paper includes a diagram illustrating what 
occurs when using carbon-monoxide gas, and states that should the tem- 
perature of the gas before ignition be 100 degrees C., then the combustion 
pressure will be 7.7 times the initial pressure. This wilf be reached in 
probably 3/100 to 6/100 second by a regular development of the flame. 
Thus the pressure of detonation will not be reached, since, ‘starting at 100 
degrees C., its ratio to the initial pressure is 9.1. But should the initial 
temperature be, for example, 400 degrees €., detonation will occur after 
quiet combustion of one-half of the charge; the remaining half will deto- 
nate spontaneously, and thereby. generate a shock having 5.7 times the 
initial pressure, whilst the pressure corresponding to quiet bufning is only 
4.3 times. At 200 degrees, 14 times the value is reached as against the 
normal 6 times. This unexpected and not always welcome: increase in 
pressure does not result in an increase of power, as it merely gives an 
unsustained shock. The paper gives a gas-turbine diagram illustrating 
partial ignition by explosion wave, also a diagram with normal ignition. 
We reproduce the latter in Fig..2. 


INDICATOR DIAGRAM. 
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The author lays stress upon the small space occupied by the turbine as 
compared with that of a reciprocating gas engine of équal power. The 
areas occupied are as 1 to 3.28; the total’ weight as‘1 to 4.2. The gas tur- 
bine, like the steam turbine, works without shocks or vibrations, and saves 
the expense of cylinder lubrication. Lubrication, as in the’ case of the 
steam’ turbine, is more complete and more reliable than in that of the 
reciprocating steam engine, since all movable parts are in oil baths. On 
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these grounds, the wear of the movable parts need not be expected to 
exceed that which obtains in steam turbines. Notwithstanding the numer- 
ous experiments made, no wear in the nozzles and blades could be found. 
There being absence of water particles, the causes which make for wear in 
the steam turbine are non-existent in the gas turbine. Starting does net 
require an air-compressor plant, as in reciprocating gas engines, but only 
a supply of steam for starting the air compressors until the regenerator 
supplies the necessary steam for the latter. 

A first, experimental, gas turbine was built for tests in 1908. Then the 
one we illustrate was put in hand, and experiments with this were carried 
on during this present year, using producer gas from coke—i. e., the gas 
which turned out poorest in hydrogen and in heat. The turbine, with its 
electric generator, ran light, excited, as early as February last, at 3,000 
revolutions, 4,000 volts, with only 250 cub. m. to 300 cub, m. (8,830 cub. 
ft. to 10,595 cub. ft.) of gas per hour, corresponding to an indicated effi- 
ciency of over 20 per cent., “a certainly very satisfactory commencement 
for the efficiency curve, though only a transitory one.” Then the tempera- 
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ttire of the mixture rose largely. above the value which, calculation showed, 
should have been the maximum, reached;, The total contents of the cham- 
ber soon detonated, next only a part of the charge burnt in the chamber, 
the other burning probably in the turbine space, not designed for that pur- 
pose. This showed how the degree of temperature, before ignition in- 
fluenced the ignition itself, and, determined whether it occurred as com- 
bustion or developed into an explosion wave; steps were therefore taken 
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towards maintaining the walls of the explosion chambers as cool as pos- 
sible by water, and provision was made to take the air direct through the 
air valves from outside. The conditions were thus improved. At the same 
time the method of ignition was improved, and the ignitions and com- 
bustions took place as perfectly as could be expected, allowing for the 
variations in the specific heat, and without explosive waves, not only for 
small, but also for the maximum gas charges. It is necessary, however, 
still to develop the engine in order actually to obtain the effect which may 
be expected from the calculations. Weth a small charge and low detona- 
tion pressure the efficiency reached was very close to that calculated. With 
higher charges and higher pressures, however, the increase in efficiency 
was not in the ratio which had been expected. The end to be aimed at in 
working the turbine is to obtain the curves which are shown in Fig. 3. 
With comparatively small charges, the end in view is already attained ; 
further tests will lead to an equally satisfactory result, using larger charges. 
The curves in question, in their highest values, apply more especially to the 
first experimental gas turbine, and therefore not generally to the turbine 
we illustrate. The efficiencies given in the curves may be improved—for 
example, by fitting much larger nozzle exhausts, by increasing the charge 
pressure, the highest explosion pressure, replacing the nozzle valve by a 
flap, with unhindered direct through-flow of the gases, etc. 

The first experimental gas turbine was built to the author’s designs by 
Messrs. Gebr. Korting, A.-G., Hanover. The one we illustrate was built 
also to the author’s designs by Messrs. Brown Boveri at their Mannheim 
Works. —‘‘ Engineering.”’ 


BOILERS FIRED, WITH LIQUID FUEL* 
By Major Giutio FumMAntt, of the Italian Corps of Naval Architects. 


The use of liquid fuel for raising steam inthe boilers. of warships and 
merchantmen is being greatly developed. Liquid fuel may, in fact, be 
said to be forcing itself to the front on account of the numerous advant- 
ages which it possesses over coal, and there is no doubt that its use would 
be even more general than it even now: is, were it not for economical con- 
ditions and for the special. difficulty which exists in regard to the lack. of 
stations for making up supplies. The liquid fuels generally burned under 
boilers are the residues of the distillation of crude oil at temperatures, up 
to about 300 degrees’ C...(572. degrees F.). Crude oils from Texas and 
California can also be used, but these have the disadvantage of containing 
a large proportion of sulphur. The specific gravity of the liquid fuel varies 
between 0.88 and 0.94, and its calorific value from 10,500. to..11,000. calories 
pres 19,800. B.T.U. per pound). Its flash point is at about 150 degrees 

C. (302 degrees F.); 

‘The calorific value of a good coal varies from 7,500 to’ 8,000 calories 
(about 14,400 B:T.U. per pound) ; naphtha, therefore, has‘a calorific value 
about 30 per cent. higher than that of a good coal. Seeing, further, that 
the coal does not burn up completely in the boilers, there occurs a loss, 
and it may be taken that the vaporizing power of oil and coal stand, in the 
ratio of 15 to. 10. The delivery of liquid fuel on board ship is also cheaper 
than coaling. 

The cost of an installation, except as regards patent devices, is the same 
for both kinds of fuel. Apparatus is’ required for delivering the. liquid 
fuel inside the furnaces; but, on’ the other hand, no. grate, 'ash,ejectors, and 





* Abbreviated t lation of a paper read in Italian before the meeting of the 19 Congresso Nazio- 
nale di Ingegneria Navale e Mecciinica, held in Rome, on November 12, 1911. 
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so forth, are needed. The cost. of working with liquid fuel is notably 
cheaper than that of working with coal, since the heavy expenses incurred 
by the frequent repairs to the. grates, ash buckets, and other accessories 
are not incurred; the stokehold plating is less subject to wear when liquid 
fuel is used; the burners and the spraying installation have only to be con- 
sidered in regard to handling costs, together with a higher outlay for 
changing the fireproof lining, which has a greater wear than in the case 
of hone fired with coal; liquid fuel also requires less men in the stoke- 
olds. is 

The author recapitulates the advantages of liquid-fuel firing as follows: 
Rapidity and facility with which it is stowed on board; reduction in the 
dimensions of the stokeholds, it being only necessary to provide in front of 
the boilers sufficient space for the combustion apparatus and for handling 
the burners; complete combustion and absence of smoke; facility with 
which the rate of combustion can be rapidly varied; the possibility of in- 
stantaneously extinguishing a furnace by simply cutting off the fuel supply; 
raising of steam in the briefest possible time; facility for maintaining a 
constant combustion in the boiler, the fuel supply being automatically con- 
stant; greater simplicity in stoking, and almost complete suppression of 
all fatiguing work hitherto borne by the men in the stokeholds; ease with 
which the fuel is stowed in the narrowest spaces, which spaces would be 
quite unsuitable for stowing coal. All these advantages have a very great 
importance, not only in the case of merchant ships, but also, and more 
especially, in that of warships. In the various phases which precede an 
engagement, when the crews have undergone a long period of cruising and 
navigation, they find themselves, by reason of the nervous strain to which 
they have been submitted, in an unsatisfactory condition from the point of 
view of efficiency. In moments such as these the facility with which the 
boilers are managed, enabling the maintenance of the speed constantly at 
its maximum efficiency, forms a most valuable asset. The operation in 
boilers using liquid fuel is the reverse of what obtains in those burning 
coal—the working improves as the furnace becomes incandescent; after 
a certain time, when all the brickwork is sufficiently hot, either the num- 
ber or the supply of the burners has to be reduced in order to maintain 
a regular production of steam. For an equal evaporative power and, con- 
sequently, for an equal radius of action, liquid fuel leads to a saving of 40 
per cent. in weight, and this equals approximately 4 per cent. of the total 
displacement of a battleship, 10 per cent. of that of a destroyer and 16 per 
cent. that of & scout. In the matter of space occupied 1 ton of coal takes 
up 1.25 cubic meter (43 cubic feet) and 1 ton of liquid fuel 1.08 cubic meter 
(38 cubic feet). 

With regard to the disadvantages of liquid fuel the principal drawback 
is the risk of fire. To obviate this the oil is stowed in tanks located at a 
distance from the stokeholds and the oil is drawn from the tanks by means 
of tubes. Explosive gas mixtures can also form in the tanks in question 
when these latter are partly emptied; special care has to be taken when en- 
tering the tanks, and these, moreover, should be provided both with forced- 
draft ventilation and with steam-jet apparatus for expelling the inflam- 
mable gases. There may, further, occur leakages in the tubes which supply 
oil to the burners, and since the fuel is’ raised in temperature before it 
reaches the burners, this increases the fire risks. For this reason great 
attention has to be given to the manufacture of the pipe systems, and re- 
pairs must be carried out immediately the least sign of a leakage occurs. 
The danger is, of course, greater in the systems of sprayers in which the 
oil is submitted to a high pressure. One disadvantage has to be provided 
against when constructing the oil tanks and distributing them over the 
ship. The fuel being a liquid, the tanks have, for reasons of stability, to 
be divided up into compartments of limited capacity, and the riveting 
throughout has to be carefully designed and perfectly done, owing to the 
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facility with which the oil can leak through the joints. In warships the 
tanks have to be protected from gun fire; the compartments formed by the 
double bottom can be utilized for this purpose, and tanks can also be pro- 
vided in the well, but at a distance from the boilers. When the boilers 
are fired with coal, this is stowed in lateral bunkers which constitute a 
protection; too much reliance should not, however, be placed upon this, 
since an engagement might take place at a time when the lateral bunkers 
were partly empty. 

When the advantages and disadvantages of liquid fuel are considered 
together, the superiority of liquid fuel over coal is evident; the disad- 
vantages, moreover, of liquid fuel can easily be overcome by a rational 
distribution of the tanks, and by the adoption of special methods govern- 
ing the use of the fuel. The problem thus becomes an economical one; 
liquid fuel can be suitably adopted in every instance in which its cost is 
14 times that of coal. In warships, where the economical question ‘is of 
secondary importance, and where advantages of a military character have 
to prevail, the preference should, without doubt, be given to liquid fuel. 
The unfortunate circumstance above referred to—i. ¢., the difficulty of 
providing stores of oil—has, however, militated against its use. There are 
coal stores in all the harbors of the world, whilst petroleum stores, are 
found in a very few places only. For this cause ships fitted exclusively 
for oil-fuel combustion cannot steam at any great distance from their na- 
tional bases. When considering the eventuality of burning liquid fuel, two 
methods have been resorted to; according to one, the boilers are arranged 
to burn either fuel, while in the other several of the boilers are built only 
for liquid-fuel firing, the remainder being built for coal firing. The first 
method would appear to be the better of the two, the liquid fuel being kept 
in reserve for use only in the course of an actual engagement. 

Major Fumanti then reviews in his paper the various types of burners 
used; he divides these into two classes, viz: (a) those in which the fuel is 
atomized by a steam or an air jet; and (b) those in which the liquid fuel 
is under a high pressure and becomes atomized by issuing from a small 
nozzle in the burner, this latter system being known as the mechanical- 
combustion system. In the first class of apparatus the oil flame is cone 
or fan shaped, according to the shape given the injection port; in the other, 
the flame is cone shaped. In the atomizers under a, the steam pressure is 
about 60 pounds to 90 pounds. The liquid fuel is, moreover, under a pres- 
sure of 10 pounds in some of the apparatus (W. N. Best and Hayes) ; in 
the Lassoe-Lovekin burner the pressure is 75 pounds. In some, the liquid 
fuel flows out by gravity; the Cuniberti apparatus is of this latter type. 
With the atomizers under a, the oil fuel being under pressure, a special 
pump is required. When gravity is resorted to the service tank supplying 
the atomizers requires to be placed at a suitable height above the latter. 
In the atomizers in which air is used the air is compressed to a pressure 
of 20 pounds (Gundell-Tucker) ; air at a lesser pressure, about 2 pounds, 
can also be used. In those in which the air is at a pressure of 20 pounds 
and over, special air-compressors are necessary; for the others, a Root or 
Green fan meets the purpose. Among the burners which are designed to 
work both with compressed air and with steam, may be mentioned the 
Lassoe-Lovekin burner, in which the oil is under a pressure of 75 pounds, 
as aforesaid, the pressure of the air or steam being about 60 pounds. 

In the burners under b the oil is atomized under a pressure which varies 
from 100 pounds to 250 pounds; special pumps are required with these. 
The Thornycroft and K6rting burners belong to this class. 

In order that combustion should take place regularly the following four 
main conditions have to be met; Heating of the oil; filtering of the oil; 
proportioning the air and carefully arranging the air pipes; means being 
also taken for the escape of the products of combustion. The heating is 
necessary to give the liquid fuel the right fluidity. In the case of the me- 
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chanical atomizers, the oil is heated to a temperature of from 90 degrees 
to 125 degrees C, (194 degrees to 257 degrees F.). In that of the atomizers 
using a steam or an air jet, a temperature up to 60 degrees C. (140 degrees 
F.) is sufficient. | Filtering has to be resorted to in order to prevent the 
small ports of the burners from becoming obstructed. The firing with oil 
fuel requires per pound a larger amount of air than coal. The composition 
of both kinds of fuel is, on an average, as follows: 


Coal :— Oil Fuel: 
APOE sales 5 cat sishe, Abie tas 90 EOE. | Sc penesas ales! scaeky viacltlene 85 
PU AL ORO 9 oii hn. os:0)5 5c Sib 5 PAV ASOR OOo 2555 «0:5 Materiel oceshee aig 14 
OT 2 a sx 9k jh alaced Mpie, eae 5 RAINED i ho cas aoe has, ane ecca he 1 


The theoretical weight of air for burning 1 pound of coal and of oil 
fuel is 11.29 pounds for the former, and 14.68 pounds for the latter. In 
practice, however, the weight of air is double the above for the coal, and 
slightly under double for the oil fuel. In order to obtain satisfactory 
working the air supply has to be exactly that required. The Thornycroft 
burners are specially well suited to the warship boilers which are likely to 
be submitted to varied rates of working. 

The flame proceeding from the oil-fuel burners extends over a great 

length and this condition renders it necessary to build the boilers rather 
longer than for coal for the products of combustion to follow a regular 
path without any sharp deviations. Ojil-fuel firing has however been ap- 
plied with success to cylindrical boilers, locomotive boilers, and also to water- 
tube boilers. In these latter it is necessary to arrange a system of dia- 
phragms, according to the arrangement adopted for the tubes, in such a 
way that the products of combustion, after having passed through the 
tube sets, may have a regular flow to the chimney. 
_ The yarious tests made in the Italian Navy have shown that the atom- 
izing with a steam jet is more regular than in the other systems, since the 
steam heats the oil on its issuing from the atomizer, and facilitates the 
mixture with the air for combustion. Atomizers using an air jet have 
given less satisfactory results, since it would appear that the air, on is- 
suing forth, expands, and leads to a cooling of the oil, resulting in a less 
good combustion. The combustion is regular with the mechanical atom- 
izers, but at times drops of oil fall on the floor plate in front and remain 
unburnt; as a whole, the oil consumption per horsepower in these is 
greater than that with the steam-jet atomizers. 

The main objection which attaches to the steam-jet atomizers is with 
regard to their steam or water consumption. The water consumption may 
be taken to amount to 0.4 pound per pound of oil. Supposing, therefore. 
an evaporative power of 12 pounds of water, there occurs a consumption 
of about 3 per cent. of the water evaporated. This point has without doubt 
a very great importance in the case of ships of small displacement and of 
great power, such as torpedo boats; and for this reason, whilst atomizing 
by a steam jet would be advisable for these small units, owing to their 
lower oil consumption, the absence of compressors, the facility in regard 
to repairs, etc., the mechanical atomizers have predominated for these 
types of light and high-speed ships. In the larger units, where the greater 
weight due to water and boilers has a lesser effect upon displacement, 
atomizing by steam or air jets has prevailed. .Tests have shown that by 
using the steam-jet atomizers, the fans being stopped, the ship can main- 
tain a speed of 10 knots, combustion being regular, without smoke... This 
cannot. be done with. mechanical combustion; and this is an immense ad- 
vantage, since in case of damage to the fans, a ship fitted ‘with steam-jet 
atomizing would not be incapacitated. Tests for visibility, carried out at 
night time, have shown both systems to be.-equally good, but with a slight 
advantage in favor of steam-jet evaporation, with which the rare sparks 
which occur with mechanical atomizing are non-existent. 
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With mechanical combustion it has been found that the ship is ready 
to start 27 minutes after the order for lighting up has been given, and 34 
minutes after the same order the ship is under full steam. In 6 minutes 
the ship can proceed from cruising speed to full speed; 11 minutes are 
required to put a boiler in full steam, the others being already fired. Sim- 
ilar results are obtained with steam-jet atomizing; owing, however, to the 
system of firing, it takes longer to put ‘the boilers in full steam. This 
could be remedied by adopting for ignition a small mechanical atomizer 
supplied by a small hand pump. Satisfactory results have obtained in 
Naples Dockyard with a small atomizer of this kind. 

Major Fumanti then deals with the application of oil-fuel firing to mer- 
chant ships. In the instances which he gives, the oil-fuel consumption 
amounted to 0.500 kg. and to 0.460 kg. (1.1 pounds to 1.0 pound) per 
indicated horsepower per hour.—‘ Engineering.” 


CHEAPER PAINT FOR THE NAVY. 
By Nava, Constructor Henry WiwiuiaMs, U. S, Navy, 


“Everywhere the paint and shellac was of excessive thickness, in places 
being more than one-quarter of an inch thick.”—Recent report of inspec- 
tion of a naval vessel. 

Paint materials form one of the most important classes of naval sup- 
plies, and their use has contributed to many officers’ reputations for eff- 
ciency through the aid they lend in making a “smart ship.” There was 
at one time a general understanding in the British navy, reflected some- 
what in ours, that no officer could aspire to the command of a first class 
man-of-war who, as executive officer of a similar ship, had not kept a 
“smart ship.” This included the liberal and proper use of paint, provided 
often at the officer’s own expense. 

In these days military efficiency is the main consideration in estimating 
an officer’s value, and paint materials cannot be considered as affecting 
this, other than indirectly, On the other hand, economy is being urged 
on all sides, and the proper and economical use of paints generally has not 
been given serious consideration, at least not until recently. 

In order that the importance of the subject from this point of view may 
be judged, the value of the purchases for the year 1910 of the more im- 
portant paint materials is given: 


White lead .............. Ea ee rae ean re ae $125,000 
White zinc 
Red lead 
Linseed oil 
johan drier 
urpentine 
Shellac 
Alcohol ..... 


These figures though only approximate will serve to show the relative 
importance from a monetary point of view of the various materials, and 
also justify the statement that the Navy’s annual bill for painting, including 
the cost of labor, is not far from.one million dollars. 

The author has had occasion frequently to discuss the subject of paint 
for the Navy with paint manufacturers and chemists, men who are familiar 
with conditions as they exist in the trade. These gentlemen, with few 
exceptions, have stated their opinion that the Navy’s practi¢e“in’ the ‘pur- 
chase and use of paint is extravagant and not justified ‘by! the require- 
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ments, that equally good results could be obtained with much cheaper 
materials and good enough results could be obtained. with still cheaper 
materials, 

The paint and varnish industry has advanced more within the last ten 
years than it had advanced in the previous three centuries. It is probable 
that the Navy has not shared fully in the benefits due to this advance and 
the attitude generally adopted toward any changes in existing methods is 
one of conservative resistance, due frequently to lack of interest. 

Ready-Mixed Paint.—Up to recently practically no use was made of 
ready-mixed paints in the Navy; the raw materials were issued and mixed 
on board ship when required for application. Early in 1911 a change was 
instituted by which paints mixed ready for use are issued to naval vessels 
in place of the raw materials. This change is in line with commercial 
practice, as nearly all the large manufacturing concerns and railroads issue 
and indeed purchase their paints ready for application. The sale of mixed 
paints in the United States is said to exceed sixty million gallons annually. 

It is a well established and generally admitted fact that a compound 
paint composed of two or more pigments is far more durable than paint 
made of one pigment only, and that the intelligent combination of several 
raw materials produces the best results. Furthermore, the mixing of paint 
on board ship could not be done as effectively, with no paint mixing ma- 
chinery or other appliances, as in the navy yards, which have power mills 
and mixers of the most modern types. Another advantage, and an im- 
portant one, that is offered by the issue of ready-mixed paints is the 
facility it affords for the use of newer paint materials, which are gaining 
ground commercially, and which the Navy should use, if it is to avoid the 
deserved accusation of extravagance and of being backward in such 
matters. This important part of the subject will be discussed more fully 
in another place. 

In order that a discussion of painting materials may be profitable it 
seems appropriate to state the characteristics and limitations of the more 
important of the paint materials now commonly utilized in the Navy. 

White Lead. thi his is the white pigment most generally used, and it 
enjoys a well deserved popularity among painters. For two thousand years 
white lead was the only white pigment used. The process by which it is 
manufactured most generally, known as the old Dutch process, has been 
in use practically unchanged for centuries, a description of it being found 
in Pliny’s writings. It consists essentially of a slow corrosion of buckles 
of metallic lead in earthenware pots which contain acetic acid and tan- 
bark. Carbonic acid is liberated from the tanbark and acting on the lead 
converts it into a hydrated carbonate of lead. White lead when mixed 
for painting purposes combines with the linseed oil, forming an unctuous 
substance known as “lead soap.” This accounts, in a measure, for the 
popularity of white lead with the practical painter, who by the feel of the 
paint on, his brush and the ease of application readily determines whether 
it has been-made with white lead, or with “ adulterants.” It is a fact gen- 
erally admitted that a paint made with white lead alone is not so durable 
as when, white zinc, or even when the so-called “ fillers,” such as barium 
sulphate, silica, or similar materials are added. 

For naval purposes white lead has one serious defect in its susceptibility 
to the action of sulphur gases. Who on board ship has not seen freshly 
applied white paint turn black, due to this cause? Generally for this rea- 
son. the last coat of white paint to be applied to interiors of ships consists 
exclusively of white zine, 

White Zinc.—White zinc or zinc oxide as a paint pigment is about sixty 
years old, and in that time has gained a well deserved popularity. It is 
produced ‘by heating metallic zinc in retorts until it vaporizes. In this con- 
dition it, is passed into chambers where it oxidizes and falls as a white 
impalpable powder. One of the by-products is the zinc dust which is used 
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in the manufacture of the Norfolk Shipbottom Paint. ‘White zinc is graded 
according to whiteness. "The whitest is known as “French process” white 
zinc; that not so white is the “American process,” which now is pur- 
chased almost exclusively for naval ‘purposes. White zine requires much 
more linseed oil to make a proper paint than does white lead. It dries with 
a hard, brittle, vitreous surface, in contrast to white lead which produces 
a chalky surface. Also, in further contrast, white zinc is very ‘fine and 
white lead is rather coarse, so that in mixtures the interstices between the 
white-lead particles are filled in by those of the white zinc. Owing to the 
different effects of the two pigments, mixtures of them are very popular 
in paints, and in the Navy are generally used. Paints made with a mix- 
ture of the two pigments undoubtedly are more efficient than those made 
with either one alone. Similarly white zinc is mixed profitably with 
barium. sulphate, silica, or other like substances, and paints made from 
these ingredients have been used recently in the Navy with good results. 

Zinc oxide requires a far greater proportion of linseed oil to make paint 
than does white lead, and this consideration must not be lost sight of in 
view of the prevailing high cost of linseed’ oil. 

Red Lead—Red lead is the oldest of the protective paint pigments, and 
in this respect it is analogous to white lead. For many years no better 
paint for the purpose was known, and at the present time it is used very 
extensively and well thought of, especially among sea-going men. It is 
made from metallic lead by heating, first to produce litharge (PbO), and 
then to produce red lead or orange mineral (Pb;O,). When mixed with 
linseed oil to make paint it acts very much like plaster of paris or cement 
when mixed with water. The red lead gives off sufficient oxygen to 
harden the linseed oil and the paint becomes hard and unfit for use. For 
this reason no pure red-lead paints come ready for use. By the admixture 
of china clay, silica, or similar inert pigments, this hardening action is 
prevented. A very satisfactory red-lead paint is made with the following 
ingredients : 


65 pounds dry red lead. 
10 pounds dry silica. 
10 pounds dry china clay. 
1 pound drier. 
1 pound turpentine substitute. 
20 pounds linseed oil, raw. 


Paint made in this way is probably more efficient. than if made with red 
lead only and will keep without hardening. 

Red lead is used on board ship for many purposes for which it is abso- 
lutely unsuited and where paint costing less than half as much would give 
better service, These locations are coal bunkers, double bottoms, trim- 
ming tanks and bilges. The difficulty that is encountered on the average 
ship in keeping the metal on these locations painted furnishes abundant 
proof that red; lead is not suitable. It. is a safe rule to follow that red 
lead is efficacious only for use as a priming coat, where other kinds of 
paint are applied over it arid in locations where the metal can be rendered 
absolutely, dry before painting. This refers’ especially to moisture that 
condenses;on the metal in such spaces as double bottoms. Red lead is 
acted on with ease by, sulphur gases when unprotected by another paint. 
It requires about 33 pounds of red lead to mix with a gallon of ‘linseed 
oil, so that the cost. per gallon of red-lead paint is something over $2.00. 
It is difficult to get painters to apply it properly, due to its weight and the 
fatigue resulting from, handling the paint brush heavy with paint. For 
that reason there is a tendency to dilute it unduly. Some grades of red 
lead are coarse and crystalline, and are not so'efficient as the finely divided 
varieties. » For this reason one of the laboratory tests is an’ examination 
of red lead under the microscope in comparison with a standard sample. 








288 NOTES. 


Shellac-—The United States Nayy is probably the largest single con- 
sumer of shellac, of which about half a million pounds are purchased an- 
nually and used; largely to make varnish for linoleum-covered decks of 
ships. Recently considerable quantities have been used in making ship’s- 
bottom paint. 

Shellac gum, unlike other varnish gums, is not a fossil but is an annual 
crop. It is obtained from the secretion of innumerable small bugs which 
feed on the leaves of a bush growing in India and Siam. The secretion, 
which hardens, is called “ stick-lac” and is collected by natives who take 
it to the factories, where it is ground, sifted, washed and winnowed and 
afterwards heated and spread into thin sheets to form the gum shellac of 
commerce. It is adulterated frequently with ordinary resin, of which 
large quantities are shipped to India for the purpose. 

As noted above, the principal use to which shellac is put in the Navy 
is the manufacture of varnish for linoleum-covered decks. For this pur- 
pose it is dissolved in alcohol and a pigment, either Venetian red or yellow 
ochre, added to give it color and some body. On the average ship large 
areas of linoleum are “ shellacked” each week. In spite of arguments that 
have been advanced that this course is necessary for sanitary reasons, 
there seems to be no reasonable doubt that it is mainly for appearance 
sake. Consideration leads to the. conclusion that the cost of this luxury, 
which goes annually over $75,000, is hardly justified, and when the deleteri- 
ous effect on,the linoleum that must be exerted by the alcohol in the shel- 
lac is, considered, it is a matter of wonder that the custom has continued 
to prevail so long. Linoleum consists of ground cork. held together by 
a binder of oxidized linseed oil and varnish gums. A small piece of 
linoleum soaked. in alcohol over night shows clearly the effect of the 
alcohol in dissolving the binder, leaving the ground cork without cohesion. 
The cost of providing and fitting linoleum to the decks is about $1.50 per 
square yard, as much as the average householder pays for his carpets. 
Other materials, such as ordinary floor wax, could be used for polishing 
the surface of the linoleum and the requirement for appearance could be 
met at much less cost than at present, without sacrificing to any extent 
the much abused consideration of “ sanitary conditions.” 

Linseed Oil.—Linseed oil was the only oil medium for paint for many 
years, and is the only one at the present time used in the Navy. It is 
made by expressing the seeds of the flax plant, after they have been ground 
and heated. It has the property of combining with oxygen and, when ap- 
plied in a‘film, of hardening into a tough covering for the surface to which 
applied. When heated to a temperature of 300 degrees F. to 500 degrees 
F., it acquires an added facility for oxidizing or drying. This is boiled 
linseed oil: Very much the same effect is obtained by pacing. so-called 
driers, made usually with the oxides of lead and manganese. These sup- 
ply oxygen to the oil, which in turn they regain from the air. Such boiled 
linseed oil is called “Bunghole” oil, and is the boiled oil of commerce. 
Boiled linseed oil has a decided advantage for use in closed spaces on 
ships. due to its facility of drying. It is not issued generally to ships 
of the Navy, the required effect being obtained through the use of driers 
in the paint, ; , 

Due to;.an unprecedented condition in the linseed-oil market the price 
has tripled in, recent years. The paint industry is the only one that ad- 
heres to the. use of linseed oil, although there are substitutes that promise 
well and undoubtedly can be developed to take its place in part if not 
entirely... The most important of these substitutes is fish oil, which is made 
from menhaden and now can be produced without the disagreeable odor 
that marked:.it formerly, at about half the price of linseed oil. Experi- 
ments made with fish oil for paints for naval purposes promise well and 
its use to,a certain extent is likely. ‘ sa 

There is no justification for the disposition of many to consider fish oi! 
or similar materials as adulterants, and many manufacturers of oil cloths, 
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patent leathers and‘ imitation rabber fabrics have found that, whet pro: 
erly treated, it is superior to’ linseed’ oil: It: can’ be' treated soas' to with- 
stand the: action of high heat, and for this reason’ is valuable for smoke- 
stack paint. Dr, Maximilian Toch is authority for the’ statement that the 
addition of fish oil with suitable drier rendets paint ‘more durable to sea 
air and corrects the chalking tendency of white lead andthe hard drying 
quality of white’ zinc. ; raat 

It is probable that fish oil and other oils are destined’ to supplant; to 
a considerable extent, linseed oil for painting, as the conditions that have 
led up: to the scarcity and ‘consequent ‘high price’ of flax seed are not 
likely to be relieved. 

China wood oil, or Turigoil as it is: called’ also; can’ not’ be regarded 
as a substitute for linseed off except for certain special tises. “Linseed-oil 
films have ‘not the property’ of excluding moisture and’ for that reason 
linseed-oil paints will not stand well in damp locations. ' Paints made with 
Tung oil have’ the quality of being, womepeor and its use in damp-proof 
paints is general for that reason. Tung oit is difficult of manipulation and 
to obtain’ good results. considerable skill’is necessary. It spite of this, 
however, its use'is becoming general, ‘riot only in paint above mentioned, 
but also in varnishes. Dr. Toch is authority: for the statement that a 
better varnish can be made out: of Tung’ oil and resin than out of higher- 
grade gums and linseed oil. 

Soya-bean oil and corn oil are used for’ mixing with’ linseed oil.’ It 
has been stated on good authority that ‘as much’ as 20 per cent. of them 
can be mixed with linseed oil ‘without affecting the properties of the latter, 
except’ as ‘to drying. ; 

Turpentine-—Turpentine has been used for: many generations as a sol- 
vent for paints and varnishes. It is manufactured from the sap of several 
species of ‘pine trees; by distillirig with steam’ Due to the destructive 
methods ‘employed’ in gathering ‘turpentine’ the supply has’ decreased 
enormously in recent’ years, and the price has increased correspondingly. 
Unless these methods’ are interfered with; itis likely ‘that in the lifetime of 
the present generation turpentine will become a chemical ‘curiosity. It is 
used to mix with paints as a diluent or extender, its fufiction is’ me- 
chanical, being simply to ‘increase 'the spreading’ power and’ workitig quality 
of the paint. ‘It evaporates leaving no residue, so it cannot be ‘said that 
it contributes ‘except indiréctly to the life or ‘quality of the paint film: It 
is generally admitted now that entirely too’ much stress ‘is laid upon the 
value of turpentine a$'a pdint vehicle; and when this is realized’ stibstitutes 
will be used that serve'the purpose quite as well‘and in many ‘cases better 
than turpentine itself. H5'14 A 

Due to the scarcity of sap turpentine, of recent years so-called’ wood 
turpentine has been manufactured extensively.!’"This is made by’ the’ dis- 
tillation in retorts of sawdust, shavings, old logs and toots of pine trees 
The quality of these turpentines depends tipon the method and care used 
in their, manufacture, many ‘of thenr being the equals'in' every respect, ‘ex- 
cept, possibly as to odor, of the sap turpentine: Others: have very dis- 
agreeable odofs and injurious properties due to the products’ formed: in 
the destructive distillation of the wood. For exterior painting these wood 
turpentines generally are quite as’ efficient as!the ‘sap turpentine! For 
interior painting their odor in most cases condémns them: In’ general 
they cannot be said to have any advantage over benzine products, which 

are supplied for the same ptrposes. 
. The Navy Department purchased in’ the year 1916) about 75,000 gations 
of turpentine tnder specifications that required delivery of the highest 
grade of sap turpentine that it is possible’ to~ obtain, and consequently 
at prices somewhat higher than’ the market. This» turpentine was 
used by the Navy for paints of the sort'in which manufacturers of ready- 
mixed paints would not consider using’ other’ than benzine products as 
solvents. Consideration of these facts led 'to the ' decision early’ in:1911:to 
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discontinue the purchase of sap turpentines: except for special’ purposes . 
and to purchase for general. use in paints. a’ turpentine substitute which 
had_been shown by test:to meet all practical requirements. .This matcrial 
is a petroleum, product’ similar to benzine,' but with higher flash point. It 
evaporates at, a temperature of 212 degrees F, with'no residue. The use 
of the, material has met with some opposition in the! Navy, reports have 
been Submitted as to its unsatisfactory qualities. It should: be borne in 
mind, however, that it isa commercial, product used very extensively com- 
mercially for the same purposes as the Navy uses it, and any failure, 
consequently, should be, considered rather as, the fault of the persons using 
it than of the material. It is likely also that failures due to other causes 
are. attributed to, the. use of the turpentine substitute. A conservative es- 
timate..of the saving.to the Navy :resulting fromthe use of turpentine 
substitute is, $30,000 annually. One of the, objections advanced. frequently 
and, with, effect against petroleum thinners,is the belief that. they have a 
tendency to, cause white paints to,turn yellow.; ‘That this isitrue is doubt- 
ful... The author, has never been able. to understand that vety: white paint 
should be necessary on board ship, and in discussing. the matter. with ex- 
pert house. decorators, finds that from artistic considerations they favor a 
cream or light, yellow, rather than’ dead white? This tint permits the use 
of more suitable varnish in the gloss paint,.as: will be pointed out further 
along. 

Iron Oxide. Paints.—Large. quantities..of ,venetian red are purchased in 
the. Navy ,for coloring:the shellac varnish used.ion:linoleum decks, It.con- 
sists. largely of calcium sulphate or, gypsum, the remainder being. about 30 
per cent. of iron oxide. One of the most durable of the proprietary. metal 
paints tested at. the, Brooklyn, Navy. Yard: has! a pigment consisting of 
venetian. red. ' 

Indian red is;ja natural oxide of iron, practically pure,.and is used as a 
coloring matter: in the Norfolk anti-fouling ship-bottom paint,.in order 
that it. may be: distinguished readily from the. anti-corrosive. 

Metallic, brown. is, another oxide’ of iron--the best. grades being the 
natural ones. It is used,very extensively commercially on steel with suc- 
cess, and is considered to’ be one of the standard protective paints, many 
persons thinking it,the equal of red lead for this. purpose. , 

Black Paints-—There, are many forms of. black, paint pigments, all of 
them practically pure;carbon, though they differ; in. structure and, qualities. 
The one most-commonly used in.the Navy, is lamp-black, which is made 
by the: combustion.-of oils.. It. has remarkable tinting strength and the out- 
side paint now used on;ships owes its slate color to the addition of lamp+ 
black, the base being of practically the same constituents as the white, paint 
used. formerly. : 

There ‘are a number of,graphite pigments, all of them being nearly pure 
carbon; alone they form, an. unsatisfactory paint pigment but added to 
other heavier bases graphite pigments have great merit. % 

Red Paint.—For many years quantities of English vermilion. paint were 
used’ on naval. vessels|for painting, the inside, of ventilator cowls: There 
is no'doubt: that, this added. considerably to, the smart appearance of. the 
ships in contrast to the: white hulls and salmon-colored) top: sides. ... 

English vermilion isa sulphide of, mercury and has the defect of hard- 
ening when mixed with oil and kept. The purchase of English vermilion 
for) the, Navy: was abandoned a number of years ago, in line with com- 
mercial practice, in favor of the so-called artificial vermilion. This. is 
cheaper, less likely to change color and can be kept mixed ready for use. 
The particular pigment used in the Navy isa lead-barium lake of the azo 
dye}' known conimercially as “ Lithol.” ; 

Red, as well.as green, yellow and blue paints, do not have the same im- 
portance in, the Navy as was the case formerly, due to the adoption of the 
slate color for exteriors of ships. Their use;is confined almost exclusively 
to painting the distinguishing striping on piping on board ships. 
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Bitymastic Paints.—Specifications for recent’ battleships require that the 
builders, in lieu of the red lead and other paints usually required for’ these 
localities, shall apply, to, coal bunkers, trimming tanks, ‘resetve-feed water 
tanks, inner bottoms in machinery spaces, ‘and/bulkHeads and foundations 
in machinery spaces :to height of floor plates, the so-called: bitumastic' paints 
or their equivalents... These materials are supplied by, several firms under 
different names, all of. them:;being: of similar composition and: ‘character- 
istics.. A discussion of them, seems proper, as they promise to ‘play an 
important part in future painting of the spaces mentioned above, which 
in the past on naval vessels have been a source of considerable worry to 
the. officer responsible for. their up-keep. Codl-tar products deteriorate 
when exposed jto light, and for that reason these materials can be applied 
only in, cénfined,. spaces... Formulas. are given’ for their manufacture! which 
have. been, determined. tentatively. and, while:they should not be regarded as 
final, they will serve to. indicate the character and general ingredients of 
the. materials. 

The first coat to be applied in all cases is the so-called “ solution,” which 
may be made by, melting 100 pounds of coal-tar pitch and: 50 pounds of 
Trinidad asphalt. When, liquid the mixture is removed from the fire and 
cooled and thinners, added. consisting of 65 pounds of coal-tar naphtha and 
15 pounds of mineral oil. 

The “ enamel” may be made by melting 350 pounds of coal-tar pitch and 
350 pounds of Trinidad asphalt together and boiling for about three hours. 

The “cement” may be made by melting 150: pounds of coal-tar pitch and 
120 pounds of Trinidad asphalt together and boiling for about three hours, 
when 150 pounds of Portland cement is. added. and stirred in. 

In all of these care is required in the heating; the quality of the material 
is dependent entirely on the manner in. which this is. accomplished. 

The “solution” is applied first in all cases and does not require to be 
heated, but is brushed on cold. In some spaces, the other materials are 
unnecessary, though it is best generally to. follow, up.the solution with the 
enamel or cement, both of which must be heated to apply. The former 
goes on in thickness of about 1/16 inch, the latter about %4 inch, The 
cement is applied oiily 'to the bilges’in the machinery spaces, and in the 
firerooms frequently it is protected by a°covering of Portland cement. 

These materials have been tried to a limited extent on naval vessels, 
but have’ been used extensively on merchant ships for many years. The 
author inspected, in 1904, the American Line St. Louis, which had had the 
bitumastic matefials applied at the time of building ‘in 1894-1895 to trim- 
ming tanks, chain lockers, double bottoms, coal bunkers and inner bot- 
toms. The original material was in good condition and ‘had received only 
minor repairs. The metal’ underneath generally showed no signs of cor- 
rosion and in many cases the hatimer marks around rivet heads could be 
seen when the bitumastic was removed. | 

The So-called “ Inert Fillers””—For many years white lead, white zinc, 
linseed Oil and turpentine have been regarded as the standard ingredients 
of which any paint should be made. Many manufacturers quietly utilized © 
other materials that gave results quite as’ gobd, but’ the consuming patie 
cared mainly abotit the resitlts and had no means of determining the in- 
gredienits. A getieral tendency grew up to regard as adulterants many 
other pigments than the above that haye excellent. qualities to recommend 
them ‘as paint ingredients. Among these may be mentioned lithopone, 
blane fixe, barytes, whiting, gypsum, china’'clay and silica. Some years 
ago a number of States’ passed ‘the “pure paint laws” that ‘required, in 
effect, labelling packages of paint with a statertient’ Of ‘the contents: This 
precipitated the situation, in which many martufacturers find themselves, 
of being forced’ to’ justify their use of materials that ‘have given’ ‘satis- 
factory results, but which they have used, tinheralded' and which they liave 
permitted the public to be taught' to’ considér as ‘adulterants: “An ‘effective 
campaign fiow is being! waged to show that all of these materials have 
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their function, when. used) in the proper proportions in paints, though their 
unskilled, use perbaps' may not give as satisfactory’ results as older and 
better. known, pigments, It was demonstrated by actual exposure tests at 
the, seashore that paint in which the much-despised barytes was a prin- 
cipal; pigment, gave!.as good results:as one made-up with only white lead 
and white.zinc....Many of the: numerous ‘kinds of’ paints used by the ag- 
ricultural, implement: trade are made largely from barytes and the results 
obtained from. these should be a sufficient ‘lesson to the Navy that its paint 
money could be spent to better advantage than in the exclusive purchase 
of lead, and. zine paints. 

Lithopone is a remarkably fine white pigment consisting of about 70 
per, cent. of barium sulphate and 30 per cent. of zinc sulphide. It has 
achieved great vogue recently for use in the flat-wall finishes, which prom- 
ise to. supplant wall paper to a large: extent, due to their sanitary properties 
and durability. It is not suitable, however, for outside paint. 

Blanc fixe is barium sulphate artificially produced and is superior to 
barytes in its fineness and texture. It has many qualities to recommend it 
for naval purposes, and experiments looking to its use have been under- 
taken, with: excellent practical results. Slate-color paint for outside of 
ships. made according to the following formula has given excellent results 
in preliminary tests: 


450 pounds blanc fixe, dry. 
70 pounds French ochre, dry. 
467 pounds white zinc, dry. 
93 pounds graphite in oil: 
3 pounds lamp black in oil. 
93 gallons raw linseed oil. 
12 gallons oil drier. 
834 gallons turpentine substitute. 
2 gallons benzine. 


Barytes is well known as the white mineral barium sulphate. Used 
alone it has little covering power, but when mixed with white zinc or white 
lead it gives excellent results,,, Consideration shows that it would not be 
unreasonable to expect it to show durability as a paint pigment,.as it is one 
of the, most permanent: of the minerals and is absolutely insoluble in most 
solvents, , Due,to its density and crystalline structure, barytes has not large 
covering or: hiding power, and needs. to be mixed with other pigments to 
form satisfactory paint. ‘ 

Whiting, or calcium carbonate, is used mainly for. making putty, .but 
small, percentages are used by many manufacturers in all paints for the 
purpose of neutralizing any acidity that, may develop. This feature of 
whiting, recommends it highly for paints for. steel surfaces. 

Gypsum, or calcium sulphate, is the main ingredient of yenetian red, of 
which, large quantities are used by the Navy, the remainder. being ferric 
oxide, In its pure state it is used to advantage if free. from lime. 

China clay.is used mainly as a filler for paper, but has considerable 
value in. paint. mixtures,.its addition being an improvement to red-lead 
paint as. seen above. | ‘ 

Silica is, useful in mixing with other, pigments, largely because of its 
quality of presenting an excellent surface for repainting.. This quality 
alone should. recommend it for use in many of the paints used on. ship- 
board, and,.the statement, has been made, that the time is not far distant 
when sall: good mixed paints will contain silica. : : 

Asbestine jis a.,silicate,; of sium, and. is fibrous .in character.. It is 


extremely stable and, when used in mixed paints has a tendency to hold up 


the. heavier pigments. and)to keep:them, from settling to the bottom of, the , 
container, lls taadiconatheriieie in ready-mixed, paints: for this reason. 
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Varnishes.—Varnishes -are.. made’ ordinarily by ‘melting the gums or 
resins, then adding hot linseed oil and, when’ the mixture has cooled suffi- 
ciently,. thinning with turpentine or petroleum spirits.:The' varnishes in- 
tended for, outside use, usually known: as “spar 'vatnishes,”ate made with 
better..and harder. gums‘ and do not contain»so' much ‘volatile solvent ‘and 
consequently dry more slowly. Vatnishes for interior use are’ usually ‘not 
so expensive, have more! volatile Solvent:and dty much more rapidly even 
in, confined, spaces. 

Considerable skill is required: in :the ‘manufactiire ‘of ‘varnish’ and the 
results vary considerably between the products of different makers, even 
when. ‘the same} materials have beenused. Some makers, by thé use of 
lower-grade gums and even common pine resin; can produce ‘better var- 
nishes, than their competitors: can with the ‘best materials. The’ only test 
of varnish that.cam be relied omis a service test, which, however, is. pro- 
hibited. by the length of-time: required before the variiish ‘will wear ‘out. 
It; is, therefore, necessary to purchase’ varnish on specifications! which ‘re- 
quire’ a.chemical ‘test only, and, though this cannot‘be regarded'as showing 
conclusively the. quality ofa. varnish, ‘it is: fair genérally to assume that 
varnishes in whichuonly the best materials have ‘been used ‘are of good 
quality and will give satisfactory results. 

Damar varnish, which is made from damar ‘gum and turpentiné, without 
the use of oil, is used:in ‘mixing enamel paints for interiors of living spaces 
on ship-board. It was selected for this purpose due to‘its light ‘color, al- 
though jit. is not so durable as the linseed-oil varnishes: ‘With a slight 
sacrifice of whiteness, a gloss paint could be made’ by using an oil varnish 
that would be much moré‘durable than damar-varnish’ paint and cost no 
mote, The flat-wall finishes made from lithopone that have become popu- 
lar recently, contain a small percentage of varnish and for that reason will 
stand scrubbing quite as well as gloss paint made with damar’ varnish. 

Asphaltum varnish"is ‘made: in the same way! as ‘other oil varnishes’ by 
using “a fossil asphalt, known as gilsonite, with linseed oil and a! solvent. 
This kind of varnish has not ‘very great durability. yt 

Varnish gums of resins are fossil remains’.of exudations from trees and 
there are many varieties'‘and grades. The older gums are harder, amber 
being the final result of aging. ‘Varnish has been made with amber, but, 
due to the extreme heat’ necessary ‘to melt it, the resulting varnish was 
dark colored and had no particular merit. ri 

Special 'Rust-Preventing Paints —The ‘subject of corrosion of steel has 
received’ of late’ ‘years considerable atterition commercially, due to. the 
amount’ of money ‘being’ invested’ in buildings which depend for their, ex- 
istence ‘upoti the’ integrity of their steel structures. This steel is. not sub- 
jected to the trying conditions that a sea-going ship experiences, for the 
reason that it is imbedded usually in cement concrete, and, morever, is not 
exposed to salt water or air laden with salt moisture. 

As a result of these efforts there have been developed a number of paints 
designed especially to prevent rusting) of steel surfaces. While it would 
not be possible to discuss all of the different kinds and characters of these 
paints, it is belieyed, that; description of, several,;of them, ‘that: have been 
used successfully to some.extent in the Navy, will be of -iriterest:in show- 
ing the possibilities and the breadth of the field. Poort 

A. paint that has been used extensively in steel work of recent buildings 
contains as a pigment a mixture of oxides of silica, calcium and aluminum, 
resembling closely Portland cement, which is mixed: with.ether: materials 
and china-wood oil... The latter, has, the; property’ of forming.,a: moisture- 
excluding film, while the cement,absorbs,-when applied, moisture that may 
be present on.the surface and permits the use of,such a)paint on moist 
surfaces, These latter characteristics are sufficient -to. justify the jsubstitu- 
tion .of sucha paint, for many localities in which zed, lead now. is used. 
Its, price, which is one-third less, than. that of red lead, .and its.protective 
and rust-preventing qualities, which have been shown by experiment to 
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equal if not surpass red lead, are added reasons in favor of the adoption 
of such a paint for naval vessels. 

A paint that has given excellent results when used on thé interiors of 
trimming tanks of submarines is made with a graphite pigment and’ an 
asphaltic oil thinned with benzine. This: paint has displayed remarkable 
protective qualities when used under the trying conditions mentioned above 
and ‘its,cost is less than one dollar a gallon. Red lead, which costs not far 
from two dollars a gallon, though used generally for the purposes men- 
tioned, does not give results, that are even: reasonably satisfactory, due to 
the fact.that linseed-oil films.do not exclude water, and red-lead paint 
made with linseed oil will not adhere properly to a surface that has the 
slightest trace ‘of moisture. 

Another paint that has been tested extensively at the Brooklyn Navy 
Yard, for uses to which red lead has been put, is composed of a pigment 
similar to;venetian. red, containing! iron oxide, calcium sulphate ‘and silica, 
and, of specially high quality of linseed: oil, turpentine and driers. ‘The 
merit. of this paint appears to be due: to’ the special quality of the’ linseed 
oil and the care used in manufacture,.and, though it is somewhat more 
expensive, than the others,mentioned, the paint is much ¢heaper than’ red 
lead and appears to be more effective. 

Conclusion—An important, consideration, and one, that ‘should ‘not be 
lost sight of in connection, with the paint situation in the Navy, is the fact 
that rarely is paint allowed to, live its full life, or the paint film to perish 
through the action of. the elements. Occasionally in inaccessible’ places on 
ship-board the. metal becomes badly corroded, either under paint; or: else 
due, to its absence. These cases are unimportant.and can be attributed 
generally to the unsuitability, of the paint used. Most of the paint, how- 
ever, that is used on ships is painted over before it has perished. Ample 
proof of this is the:thickness ofthe paint on various parts of old ships, 
and the..scaling -of| old paint .that goes on continually on men-of-war. 
Granting, for the sake of argument, that the new paint materials, suchas 
turpentine substitutes, |\linseed-oil substitutes, the inert: fillers, etc, -have 
not the durability of the materials heretofore used; it would even then 
be reasonable to use them, When a house on shore is painted, the owner 
expects the paint.to last at least two years and would not consider cheaper 
‘materials if he felt that it would shorten the life of the paint appreciably. 
The labor cost of painting is too high. He does not expect to repaint 
until the. paint film has disintegrated and the wood, or metal begins. to 
show through, Ships are repainted, however, for other reasons, and it 
is rate that, any part of the ship that is visible goes. more than one year 
without repainting, most of it being painted three or four times,a year.— 
“U.S. Naval Institute.” ; 


PUMPS: 


By a stretch of the imagination the following, which is an authentic 
letter written by a Cadian of Louisiana, may be considered to treat of an 
engineering subject: 


“Ta, 1911. 


“Mr -— y 
“Dear Fren— | sho i 

“4 get the pump which you by for me, but why for g— saks you don send 
me fio' handle. Wats ‘the use’ a pump’ when she don ‘have no handle. i 
loose to me nu- customer. Shure thing you ‘don tret me rite, i rote ten 
day’ and ‘me ‘customer ‘he holler ‘for water like h— for the ‘pump. You 
know he’ is hot summer now and the win he io blow the pump.” She got 
no handle so what the h— i’ goan to do with it. Doan send me the hari lle 





NOTES. 295 


pretty quick, i send her back and i goan order some pump from woodwight 
companie new orleen..;:; sitort th nun? 


“ 


e, ‘ 
if Yours: fruly; ot 


“ 
—_——. appemmnnsesiaayt? 


‘* Since i rite i find the g— d— handle.in the. bor excuse to me." 


DRAFT AND DIFFERENTIAL, GAGES. 
By Jutran C. SMALLWooD. 


There.are three units commonly used in the measurement of fluid pres- 
sure: pounds per, square inch, inches of mercury, and inches .or feet. of 
water. Steam pressure)is measured in pounds per square inch, back. pres- 
sure OF vacuum in inches of mercury, draft in inches of. water, and water 
pressures in pounds per square: inch or in feet of head... As.a;rule the 
pressure of the atmosphere (14.7 pounds per square inch) ,is selected as 
the Ppint from which measurements are made, the ordinary pressure, gage 
reading so many pounds above atmospheric pressure, the vacuum gage so 
many inches of mercury below it, and the draft gage. inches of water above 
or. below the atmosphere. In some cascs merely, the difference between 
two pressures is, required, for which. purpose a differential gage is, usec 

The conception of pressure in pounds to, the square inch needs no com- 
ment, A cubic inch of water at 60 degrees F. weighs about 0.036 pound ; 
hence a column of water 1 inch high and,1 square inch, in cross-section will 
exert a pressure by its weight of 0.036 pound distributed, over the square 
inch of its bottom surface of contact. If the column is made 2, inches, high, 
this pressure is doubled, and so on. ,. vi 

Mercury at 60 degrees F. weights nearly 13.6. times as..much as water; 
therefore each inch of mercury exerts a pressure of— 

13.6 X 0.036 = 0.49 pound per square inch. 

The simplest form of draft gage, the U-tube, is that. shown in Fig, 1. 
This is a piece of glass tube bent in the form of a U and‘partly filled with 
water. It is connected to the flue at A by a rubber tube, and when the 
two water levels are the same the pressure in the flue is the same as that 
without., But if the level on the flue side of the U-tube is|H inches higher 
than the other, then the pressure of the atmosphere on the open side of the 
tube is enough greater than the flue;pressure to raise the weight of H 
inches of water. against it. From this difference in level the difference in 
pressure is obtained between that in the flue and atmospheric pressure 
expressed in inches of water. , + ; 

Such an instrument is easily made, and ‘can be. put together at small 
cost. It is not always easy to bend the glass into the form:o a U, in which 
case two straight pieces of glass may be joined by a piece of rubber tubing, 
as shown in Fig.‘2.. These may be-mounted on a board to which a paper 
scale is glued, and afterwards varnished. 
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{)'Dhe.simple: U-tube is:applicable ‘also to pressures greater‘ aswell as less 
than atmospheric, the high level then being on the ‘opei: side.’ ‘For ‘meas- 
uring pressures of more than one pound, however, the water gage becomes 
inconveniently long. Hence for'this purpose a heavier liquid, such as mer- 
¢<ury, which will’not rise so high, is used. Each inch of mercury being 
equivalent 'toc0.49' pound per 'square'\inth, ‘indicates a ‘presstire “13:6 times 
as great as that shown by water. 

The scales of these gages are graduated in various ways. Some have an 
ordinary scale, as in Fig, 2, which requires the height of both levels to be 
read, and then‘the ‘lower subtracted from the upper to obtain the difference 
in level. Others are graduated.as shown by Fig. 3, the purpose being to 
avoid two readings. A U-tube supplied with this scale must be filled until 
the! levél' on both sides is at ‘the zero graduation. Either the upper or the 
lower scale ‘is ‘read; and’ the reading is doubled ‘to obtain the inches’ of 
water. ‘If any of the water is evaporated or otherwise accidentally lost, 
however, the réading will be inaccurate. 

'' Another form of ‘scale is shown by Fig. 4, which obviates doubling the 
teading.’ This may be tiade Adjustable chrough a small range, so that its 
zero may be readily brought to coincide with. the no-préssure position of 


the ‘water’ level. 


A gage ‘giving direct readings may be made as shown in Fig. 5. This 
consists of a cup. C of comparatively large diameter containing liquid, in 
which a glass tube of small bore is placed. As the liquid rises in the tube 
the level in the cup sinks, but on account of the large area of the liquid in 
the cup its level does not sink appreciably. Thus, if the cup is 2 inches in 
diameter’ and’ the tube % inch bore, for each inch the level in the tube 
rises, that in the cup falls 1/256 inch, If the gage range is 5 inches, the 
total fall of level in the cup is about 1/50 inch, which in this case is negli- 
gible. If the cup is a closed chamber, except for a tube leading into ‘its 
air space, the instrument tay be used as a differential gage. 











FIG. 7. 


It is on the principle of this gage. that the mercury barometer is made, 
the form of the instrument being:like Fig. 5, ex that the glass tube 
is closed at the top and air excluded, as in Fig. 6; is is an absolute-pres- 
sure gage as distinguished from ia differential gage, the absolute pressure 
of the atmosphere being recorded by the height of the mercury column, as 
there is no other force in the tube than that due to the weight of mer- 
cury. A thumbscrew D is arranged to adjust the level in the open vessel 
at a fixed height shown by the point_E. 

The simple U-tube may be used. to show the difference of pressure in 
two parts of a closed pipe by conneeting..its two sides, one to each part, 
as shown by Fig. 7, instead of leaving one side open to the atmosphere. 
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When, measuring forced, draft it.should be connected in this ‘way: one side 
to.the ashpit, the other, to, the chimney flue.;, The pressure:in the ashpit is 
greater than.that of the atmosphere; that above the fuel bed may be less. 

In some appliances for measuring the flow, of steam the U-tube. may be 
used, its form being somewhat different for practical purposes. When the 
mercury is employed, water. of condensation settles on one Side of the mer- 
cury column and influences the reading, This may be corrected as fol- 
lows: Considering Fig. 8, the true difference of pressure 1s— 


A+.H 1 
136 


inches.,of mercury,; that,.is, the. water column jin inches is divided: by 13.6 
to obtain the additional, pressure in inches; of mercury. If the water were 
on the other side it would be subtracted, 

As applied _to. furnace drafts, the -U-tube.as described» is not satisfactory, 
because ordinarily, with natural draft, the difference does not exceed a few 
tenths of an.inch. Therefore. the instrument is difficult to read closely, and 
does not indicate small changes: of draft. . To overcome: this: difficulty a 
great. many ingenious devices have been. constructed. 

_ It. would appear at first that the difficulty could: be overcome: by: employ- 
ing a liquid lighter than water. It 4s not practicable, however, ‘to obtain 
one enough lighter to magnify the difference of level sufficiently; but two 
liquids, differing from each other in: density, will answer the purpose. 
Thus in Fig, 9 assume the upper liquid to be oil whose: specific: gravity ‘is 
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0.9, and the lower liquid water. If the ‘levels in the cups F, F are the same, 
then there is a difference of pressure corresponding to the difference in the 
weights of the column H of oil and water. Above I, I, the columns of oil, 
being of equal height, balance each other; below J, J the water columns 
also balance. Between I, I and J, J there is a column of water acting 
against the flue pressure, and one of oil, equal in height, acting -with:the 
flue pressure. As the pressure of the oil is 0,9 that of the same. height of 
water, the draft is equal to (H—0.9 H)’ or 0.1 H inch of water; that is, 
the draft in inches of water is one-tenth of the reading. In general, call- 
ing the specific gravity of the oil S, and 4 the draft in inches of water— 


A= (1—S) H. 
If the heavier liquid is not water, and has a specific gravity, S:, then— 
h=(Si—S) H. 
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By: choosing the liquids for such a‘gage of nearly the ‘same densities, 


- any ‘desired range may be obtained for the measurement’of a small differ- 


ence:of pressure. The'more nearly equal in weight they are, the’ greater 


' the:motion’ of the liquid for a given draft! ''In general, the number of inches 





of rise in the ordinary Ustube is, multiplied by = 2 3 
7 


‘ In practice, when used as-a draft gage, the difference of level in the 
cups F, F would alter the foregoing relation. To keep the cup levels the 
same a cross-connection with a cock K joins the tops of the tubes. An- 
other cock L, is placed at the bottom of the tubes. When in use K is closed 
first and L, opened; when the oil stops rising in the right-hand tube, L is 
shut and K opened, and the flue connection is removed. This allows the 
oil in'the'cups to come to the'same level again without disturbing the levels 
inthe tubes. The cocks are then reversed ‘antil the oil has risen again as 
high as it will, and the level in the cups is adjtisted once more. This is 
repeated until the oil ino longer rises, upon which the reading is taken. 
This is the principle of Hoadley’s’ draft gage. " 

The draft gage shown in Fig. 10 ‘consists*of two cups, one closed; the 


- other, open: to: the: atmosphere. ‘They: are connected ‘below ‘the water line 


by a horizontal tube of small bore containing -water in which there is a 
small, air. bubble. _The motion of:this bubble is'a measure of !the draft: As 
the’ water ‘rises in the right-hand cup the bubble moves to the right a dis- 
tance proportional to the difference of level in the cups. -By making’ the 
ratio. of cross-sectional areas of the cup’ and the tube bore the required 


-amount, any desired range of motion may be ‘obtained, the motion being’ in- 


versely proportional to the ratio of areas. 

Although the writer has never used this form of. draft gage, he believes 
it would be unreliable on account of the possibility of the bubble changing 
its position in the tube irrespective of the draft... As the bubble moves to- 
wards the right, the water which wets the wall‘of the tube tends to re- 
main stationary. This objection could be overcome by-using mercury in- 
stead of water, in which case, however, it would be necessary to make the 
ratio of cross-sectional areas very much ‘greater for a desired motion of 
the bubble. ; ' 

Fig..11 shows how this.form of gage may be easily made from two bot- 
tles-with perforated corks, together with glass and rubber tubing.” / 

A draft gage designed by Professor Kent is shown by Fig. 12. It is made 
of two tin vessels M and.N, the former inverted and suspended within the 
other by a spring. Its interior is subjected to flue pressure through the 
tube O. The pressure of the atmosphere being greater, tends to push down 
the suspended can. This tendency is opposed by the spring, and according 
to its-extension recorded by the pointer P, the draft is measured. The 
equation of the instrument, neglecting buoyancy, is— 


bX a= 0036 h X a= n XH, 


foom which 

oC ee 
Habs A ORAAN GS Trae ot 
where! 


"square inch; ; 
‘a= Internal cross-section,’ in square inches, of can M; 
n==Number of potinds corresponding to 1 inch extension of spring; 
H= Extension of spring in inches corresponding to p X a pounds; 
h= Draft in inches of water; 
paw Sy > “ 
~~ 0.036 a 


_ p= Difference between flue and atmospheric pressures in pounds per 
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The equation (h=k H) shows that to obtain the draft the reading on 
the scale is inultiplied by a constant which is less than-one. ~ The increas- 
ing buoyanty-as M sinks is negligible if the design of the gage is good. 
This instrument does not quickly respond to changes of draft, however, 
and is cumbersome. ; = 








FIG. 14. 


Fig. 13 shows Miller's draft gage,.in which the difference of level is not 
magnified, but a very precise instrument—the hook gage attached to a 
micrometer—is used to measure the level. 

Perhaps the simplest and most satisfactory form of draft gage is the 
variation of the ordinary U-tube shown by Fig. 14. It is set on a slant, so 
that. a vertical difference of 4 inches between the water levels causes an 
actual motion? of Hitiches. By 'varying'the slant any desired’ magnification 
may ‘be obtained!’ ‘This is generally madé with'a'scale onthe principle il- 
lustrated ‘in’ Fig:'4, so'‘that only one reading néed’be taken. It may be 
readily constriscted of a piece ‘of gage glass Q''(Fig. 15) anda glass ‘tube 
R, together with some rubber tubing; perforated corks S may be used if 
forced draft is to be measured. The gage should be mounted on a board 
to which a spirit level T is attached, so that the slant of R may be kept 
as: intended: 3 

For'the purpose of making'this gage’ more compact''the slanting’ tube’ is 
sometimes in the form of a helix. sds 

Most of the previously described gages are applicable to’ the ‘measure- 
ment of water as well'as gas pressure, the liquid used in'them® for ‘this 
purpose ‘being mercury’ or oil, “Fig! 16, for example; shows the ordinary 
U-tube i ed for use with oil. ‘The interpretation’ of ‘the reading is the 
same’as ‘explained for’ the Hoadley gage:’ It’is important‘ to’ exclude “air 
bubbles from the piping system of such a' gage, and-this can be done 
cdréfully introducing the oil or mercury through cocks.’ A ‘column of air 
“in the conriections on either side would cause a reduction of weight which 














FIG. 15. | GaGEs. FIG. 16. 


would be balanced only by a variation of the true level difference of the 
gaging liquid. 

Fig. 17 shows a gage using mefcury for. large differences of pressure. 
One-eighth-inch pipe and fittings ate used, and ite long gage glasses U, U 
are joined by a cast-iron well W> “The pots”V, V are arranged to catch 
the mercury should the pressufe become sufficiently great to blow it be- 
yond the gage glasses...The coeks dre arranged for introducing the mer- 








FIG. 17. 


cury and excluding the air. In; the right-hand column there: is acting a 
weight of H, mches.of mercury which is partly balanced by the. same height 
of water on.the other, side., The mercury column. causes'a pressure of 
13.6 H inches of water ; therefore, the pressure difference indicated by the 
Bage is-- fas zi "adie Set ; 

13.6 H,+-H=12,6 Hi inches of water, 


or 1.05 H feet. That is, to interpret the reading of this gage, its reading 
in inahas must be multiplied by 1.05 to get the difference of, pressure head 
in feet. Fit ars “e's 

In Fig 18. the symbols, P, V, and A stand: for pressure head in feet,‘ ve- 
locity, and ‘area in» square feet, respectively, at. the two sections of the 
pipe... Since the sections;at.4: and; A: are different,:the velocities will be 
different, V2; being-as many.times 7; as A, is.times A>. . Neglecting: the 
losses due to friction, etc. the total enengy of the: water in the one. section 
is equal to that inthe other, this energy being in two,iforms—pressure and 
velocity. Since the) velocity inthe, small pipe is greater.than that, inthe 
large, the pressure in the, latter mist:be,less:and the diminution.in pressure 
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energy must “equal the gain in kinetic energy. Therefore the difference of 
pressure in the two pipes is a measure of the velocity, and consequently 
the quantity, according to the following ‘relation: 


Ai X A, SS 
O= Taq 29 (Pi — Pa), 


in which Q is, the quantity flowing in cubic feet per second and g is ‘the 
acceleration: due to gravity, 32.16. This is the principle of the Venturi 
meter, a very precise instrument for'the measurement of the flow of water: 
It has also been applied to steam and perfect ‘gases, but with less succéss. 
Fig. 19 shows the usual proportions of the meter, the actual discharge be- 
ing between 95 and 99 per cent. of that ‘shown by the formula, 








FIG, 20. "FIG. 21. 


Fig. 20 represents a Pitot tube, another instrument for measuring ve- 
locities and quantities: « It)is a tube having a qtiarter bend, set facing the 
direction of flow. The height H of the liquid in the tube is a measure of 
the velocity, or— 


V= V2gh, 


h being the head in feet of whatever liquid or gas is flowing. To convert 
the reading H to the equivalent, head of the fluid whose velocity is being 
measured, it is necessary to multiply by the ratio of the densities of the 
gaging and the measured fluids... Thus, if the gaging liquid were 10 times 
as heavy.as the fluid being, measured, h would equal 10 H: In general— 


VxV2g9CH,. 


in which. C is-the ratio of; densities. 

The Pitot tube, has been used largely for velocity measurements im open 
streams, but, not until comparatively recent years’ has’ it been applied ex- 
tensively to the flow of Jiquids and gases, .in, closed. pipes. Fig.:,21, shows 
its arrangement, for this purpose, : Since in, such a system, pressure is! .re- 
corded as, well as .velocity,,a, pressure tube isadded. | Static, pressure. only, 
-acts through this tube and balances the static pressure in the other -tubes 
hence the gaging liquid records the velocity head only. 
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The simplicity of this device.is, alluring, but it should be used with 
cautiofYincareful. medSureffients, as a great many possible conditions may 
cause inaccuracies. The velocity of|the fluid varies across the pipe section, 
and the velocity tube must be placed at the point.of mean. velocity... The 
fluid sweeping. past” “peeagure tube tends to make-asuction, reducing 
the e € pressure in it. If there are eddies in the cufrent_thes¢ also 
tend to distort the record. .The gaging generally should be made in a 
clear, straight stretch of pipe, where there is nothing to disturb.the uniform 
passage of the fluid. t 

When used for the flow of water with mercury as the gaging fluid— 


«V =,8.23.¥ H. 


and for ‘the flow of air at atmospheric pressure and 60 degrees F., water | 
being the gaging fluid— ° 


V = 663 V A, 


in which V is the velocity, in feet per second, and H the:reading in inches 

The: gages; described, are useful in measuring losses: of pressure in vari- 
ous parts of blower systems... By their use ‘leaks may often be located and 
otherwise unsuspected. losses.remedied., «:; aie 

Practical: Hints.—The, leyel; of mercury in'a glass tube curves from the 
center downward,, while that of water curves upward. It is best to read 
the height on a horizontal line tangent to the curve, as Z, Z, Fig. 22. In 
the inclined-tube form of gage, if the tube is about 4% inch in diameter, the 
level takes a curve asshown, which is very conveniently read at Z. The 
bore of the tube used should not be too small, jas capillary_action may 
cause efror. ‘3 






When oil is used as a gaging fluid its specific gravity may be found, as 
shown by Fig. 23. A little oil is floated on water in one side of a U-tube, 
and its height H: and that of the column of water balancing it. H: are 
‘measured! ‘Then the'specific gravity of the oil is “22, 
j H 1 

Considering the units of. pressure measurement dealt: with, it is unfor- 
tunate!and illogical that three different physical quantities and two’ starting 
points for measuring are employed when one would do. There is no rea- 
son why the ordinary spring-pressuré gage should not be graduated in 
pounds above a perfect vacuum, and its units used for whatever pressures 
are measured. U-tube scales, no matter what their liquid, could be grad- 
uated to’ read directly in pounds per square inch quite as conveniéntly as 
the present system of ‘inchés. It may be contended that for drafts and 
smallpressure differences the pound is. too large a unit. This‘ could’ be 
remédied by “using one one-hundredth of a pound as the unit for small 
pressures. °Thére would then be 3.6 of these units’to'an ‘inch of’ water.— 
“ Power.” * ? 
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PRIMING IN WATER-TUBE BOILERS. 


As every one of the many different types of ‘boiler has its peculiarity 
and particular defect, priming may result in any boiler from a diversity 
of causes, which may apply to one type of boiler, but is inapplicable to that 
of another type, and so far as I am aware no one‘has as yet successfully 
overcome!its evilveffects or provided an efficient remedy; ‘although numer- 
ous arrangements of collecting pipes and priming traps, separators,  etc., 
have been: frequently used; but their novelty and expense in’ first’ cost,' re- 
pair: and. upkeep ‘generally exceeds their usefulness. 

_Priming. consists of the lifting: of the water in the boiler into the steam 
pipe, and it is analogous to boiling over.» It is*caused in many ways, viz: 
insufficiéncy of boiler: power, defective design’ of boiler, or being too’ full 
of. tube ‘surface, dirty water, irregular*firing, etc: When the steam is ac- 
tually surcharged with water or becomes a watery vapor prompt attention 
should be’ given: to cylinder and casing drain cocks, otherwise there is 
danger of splitting ‘the cylinders ‘or knocking ‘the covers off or bottoms 
out:. Priming in any quantity isia loss of economy, although it may not 
be: perceptible or: dangerous: 

In water-tube boilers ashes accumulate among the tubes, and cannot, 
unless: special doors are fitted; be cleared’ when’ under | way, so that: when- 
ever the engines are eased or stopped the spaces between the tubes should 
be swept and cleared as far as possible, and, as opportunity offers, the 
surfaces should be cleaned. Soot isa very bad conductor’ of heat, and 
consequently any of it on the heating surfaces considerably reduces’ the 
evaporative power: The'water should be'as pure as possible, and with the 
evaporators now generally fitted in vessels this is not a very difficult mat- 
ter. ‘Salt and impure waters are a frequent cause of priming. The use of 
either can be guarded against except in extreme cases, and even: then if 
they are admitted in minute: quantities, as make-up or extra feed, the 
danger of priming: is reduced, but it cannot in) some boilers’ be ‘entirely 
overcome, Priming generally comes from irregular working more than 
from the nature of the feed water. In boilers with a sediment, or mud 
box, this’ box should be blown ‘out: frequently, and in other boilers the 
judicious use of the extra feed valve: reduces the chances: of ‘priming and 
scale forming considerably. Ordinary or common steam frequently con- 
tains as much as 30 per cent. by weight of priming’ water, and this may 
be taken as the safety limit, any higher percentage being dangerous. 

The principal known causes of priming are: 

1. Bad circulation of water in the boiler: The-only' remedy for this is 
to promote a good circulation by ‘proper design of the boiler, or, by ar- 
tificial means such as the hydrokineter. «The circulation: should: be .con- 
tinuous, and a downward current should be provided for; so that on all 
occasions the direction should be maintained at all points: This is found 
in most of the water-tube boilers of the “express,” or small-tube type, 
and also in the Belleville boiler.::In flame-tube boilers it is difficult: to ar- 
range for a distinct circulation, generally it is made by dividing the com- 
bustion chamber into several parts, so thateach furnace has its own par- 
ticular combustion chamber. Between; these combustion chambers is a 
water space leading up from the bottom of the boiler. The subdivison of 
large combustion chambers by brickwork is useless in this connection) and 
is of doubtful utility at any time. Bad circulation is not so marked in 
flame-tube boilers as in water-tube boilers; this is due to the much greater 
quantity of water in the boiler and larger surface area from which the 
same quantity of steam is generated. 

2. Contracted steam space. This space is the volume ‘of the boiler in- 
ternally above the working water level, and can only be increased by in- 
creasing the size of this part of the boiler. ‘The effect is, however, mini- 
mized by using a higher boiler pressure than engine pressure by wire- 
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drawing the steam; a réducing valve is now generally fitted with nearly all 
water-tube boilers. 

3,,Contracted water-surface area. The quantity of steam which can 
escape. from, a.give surface, without carrying off an: undue: amount: of 
priming water, must. be some tangible amount and’ there appears to be no 
difficulty in its determination by, experiment. This quantity varies with the 
condition of. the water used; it is greatést with clean’ ‘fresh water, and 
probably.least with a mixture of fresh and salt water. The:various types 
of screen and) separator plates fitted in the steam space of some water- 
tube boilers are really an artificial method of increasing the otherwise re- 
stricted water-surface areas, The surface area in the majority of water- 
tube boilers might be increased with advantage,: and to ensure greater 
economy; the separator plates might also be improved, and with the ex- 
ception of the upper part, which takes the place ofan internal steam pipe, 
they are of doubtful utility. 

4, Irregular working. If an automatic feed arrangement is fitted, it may 
possibly stop excessive priming from: am irregular feed supply, and it is a 
noticeable. feature of present practice that automatic feeding arrangements 
have secured almost general adoption. With the large-flame tube boilers 
it is mot necessary, the percentage of the feed water entering the boiler 
being:'\very small compared with the water contained in the boiler, conse- 
quently it does not materially affect the water Jevel and steam pressure. 
Bad ‘stoking comes under the head of irregular working: and it is an im- 
portant factor when: there is any original tendency to prime from other 
causes, especially from dirty or impure water. 

5: Sudden increase of the revolutions of the engine. Priming from this 
causeiis principally dependent on the watchfulness and.care of the engine- 
room» staff. | The output of the boilers can be limited by partially closing 
the stop valves on the boilers, and also on any bulkheads in connection 
with the main steam pipe. Engine builders generally allow a large margin 
for emergencies.and consequently the steam valve is larger, with a cor- 
respondingly excessive lift, than is ultimately found necessary. By open- 
ing these: valves to a known limited extent only, priming can be greatly 
reduced: 'Réducing valves act) in a similar way, and have also the ad- 
vantage of being automatic; A calculation giving the amount of lift may 
be based on: the: following: data: 

Coal burnt per: I-H.P, per hour—=K==2 pounds for naval (about), or 
1% pounds for mercantile marine. 

Water evaporated per pound» of coal = 8 pounds, 

Volume: of 1) pound of steam at working pressure V. (See tables of 
absolute’ pressure, temperature, volume and density of steam.) 

Let \c == dircumferenceé: of valve orifice, in inches. 

x= 1ift of valve in inches. 

Then c X «= area through valve orifice. 

The'velocity of steam through valve is about 8,000 feet per minute. 

Then volume of steam which passes through ‘valve per minute = 


8000 XK cx 4 
144 


and the weight = 
8,000 KX ¢X # 
144 KV 


and this must; be equal to the weight of water evaporated in the same 
time = 


8x K * LHP. 


60 





therefore 


_ 8XKXLEP. 
es 60 


144« V 
8,000 X ¢ 


= XK x LHLP. in inches. 


6. The condition of the heating surfaces. To.obtain the best evaporative 
results, it is necessary to keep the heating surfaces as clean as possible. In 
boilers with bad circulation extreme cleanliness may cause priming locally, 
and it has not been unusual to find that although priming took place when 
the boilers were new (i. e., perfectly clean), they did not prime subse- 
quently, after a slight scale had been formed. From this experience it might 
be inferred that a slight scale would check excessive priming, and this is so 
in flame-tube boilers, but it is impossible to obtain an equally great evap- 
oration as with clean surfaces from the same boiler, and if.we are to obtain 
the best results, good circulation must be combined with clean: surfaces. 
The sea-going engineer cannot make a mistake in keeping his boilers as 
clean as it is possible. Certainly without clean heating surfaces he cannot 
expect to realize the highest economy. It is possible that a near approach 
to good results may be obtained with a slight scale on the furnaces or 
other heating surfaces, but at any time this scale may cause a come-down 
or blister on the furnace crown or combustion chamber; priming is pre- 
ferable to this. With. water-tube boilers dirty heating surfaces on. the 
water side will cause priming at a very low evaporative power; this is 
due to the scale becoming detached, not to scale adhering to the heating 
surface. In either case it is a loss of evaporative power. 

7. Salt or impure water. Without doubt this is the greatest cause of 
priming in all boilers, and although for other reasons it may be needful 
to admit salt water_in small quantities to the boiler, it should be very care- 
fully watched when high evaporative results are expected. The presence 
of clean salt water is not shown until a period of working is reached, which 
varies with each type of boiler; this variation is nearly in proportion to 
the steam space provided, combined with the surface area of the water at 
working height. Priming would be also likely to occur when the evapora- 
tion per square foot of heating surface reaches 3% pounds per hour. By 
very gradual increase of the speed, taking care that the steam pressure is 
not decreased at the same time, the priming may perhaps (and. there is 
some experience to prove this) be kept within the limits of safety and the 
evaporation increased to 7 or 8 pounds, or slightly under that obtained 
with pure distilled water. Priming does not usually occur when the steam 
pressure is rising, and with very careful management in increasing the 
speed, it may be reduced to a certain point which is very accurately defined 
in certain types of boiler, the yarious types differing much less than might 
be expected from their various designs. In regard to naval vessels, it has 
been stated that certain experiments showed about three-fourths of the 
speed of a 27-knot destroyer can be obtained with salt water. This repre- 
sents a loss of nearly 7 knots, and more than half the power, and it is 
probably a high estimate. There is no necessity to use salt water on actual 
service to such an extent that the tubes become wholly choked with scale; 
if this happens every tube so choked is in imminent ‘danger of bursting. 
In 1897 a ftst-clats torpedo boat was steamed from the builders’ yard on 
the Thames at London, England, to South America, salt water being, used 
for the last two weeks of the voyage, and the boilers were not injured in 
any way, an official trial being made after the arrival of the boat. The 
speed at which this voyage was made was certainly a very low one, prob- 
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ably ten or twelve knots, and had it been necessary, at any time after salt 
water had been admitted, to increase the speed to, say twenty knots, it 
could not have been done, although twenty-four knots was obtainable with 
clean fresh water. 

The writer was connected with a case a few years ago which abundantly 
proved the evil effects of using salt water in water-tube boilers either de- 
signedly or otherwise. Two destroyers had been built to the order of the 
Japanese Government on the Thames, England; delivery to be made in 
Yokohoma, Japan. Each of the vessels was capable of a speed of about 
twenty-five knots, and was fitted with four-cylinder triple-expansion bal- 
anced reciprocating engines and boilers of the Yarrow type. With a 
picked crew and experienced engineers the destroyers left for the far East, 
but in crossing the Indian Ocean their evaporators gave out, added to 
which the main condenser in one of, the vessels became leaky and con- 
tinued blowing down of the boilers had to be resorted to, with the inevi- 
table result of salting up the tubes. Repairs were attempted several times 
at sea, and also at the coaling stations, but proved ineffectual; when event- 
ually the vessels agrived at Yokohama, after a very much delayed voyage, 
the boilers were in a deplorable condition; many of the tubes had been 
plugged, some had been cut out altogether, and others were practically 
solid with salt and scale. Extensive repairs and renewal of tubes had 
to be made at considerable expense before the Japanase Government would 
accept the destroyers. To retube a Yarrow-type boiler takes considerable 
time, and is costly, as from the construction of the boiler all and every 
joint and pipe connection on the, boiler has'to be broken, and the boiler 
itself lifted a sufficient height to enable the tubes to be passed out, through 
the bottom drums. 

In the final analyses, therefore, it is found that if a water-tube boiler of 
any type can always be steamed, with perfectly clean fresh water a maxi- 
mum of power may be obtained at any time, but if at any moment salt or 
dirty water gets into the boiler the speed and power are. considerably di- 
minished, and probably the greatest power is little more than one-half that 
obtainable with fresh clean water. 

Such conditions are unsuitable for war vessels, and are certainly not 
good enough for war service. Too much is expected from water-tube 
boilers generally, and there seems to be a tendency to rush to extremes; 
because it has been found that engineers have been able to cope with the 
difficulty of maintaining their boilers in a high state of efficiency by 
enormous personal effort during times of peace, it does not follow that in 
war time, when the opportunities for cleaning and refilling boilers will be 
very infrequent, that this state of efficiency can be maintained, and it is 
possible that a vessel capable of a speed of 27 knots, may be reduced to 
less than 20, because a percentage of salt water, or some other priming 
mixture, has been admitted into the boilers. Pure fresh water cannot al- 
ways be maintained on long cruises, and under the varying conditions of 
warfare this must be exceptional. The present safe limit appears to be 
“natural draft” (equal to % inch air pressure), this will work out at 
about 50 horsepower per ton weight of boiler. Under these conditions the 
contract power may be relied upon, and perhaps a greater power may be 
developed for short periods in emergencies. Another reason for the adop- 
tion of limit is that the greater forcing of the fires, the shorter the period 
at which the power can be maintained. If the speed and power are to be 
maintained for longer than eight hours, the rate of combustion per hour 
should not exceed. 30 pounds of coal per square foot of grate surface. 
Within this limit there is still a gain of about 50 per cent. on the older 
types of boiler. 

Not the least of an engineer’s troubles is the difficulty of finding a really 
automatically working evaporator which will not prime when left to its 
“automatic” self for a few minutes. 

A perfectly reliable non-priming evaporator may exist, but personally I 
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have not found one when working in conjunction with: water-tube boilers, 
A slight inattention on the part of the engineer; and priming’ commences, 
impregnating the feed water with salt water, and generally such a mixture 
causes intermittent and excessive priming! of the main boilers. “When the 
water in the boiler becomes slightly acid it is usual to correct this acidity, 
and consequent liability to corrosion, ‘by injecting ‘a ‘small quantity of 
soda or other alkali. With the old type of boilers a large quantity of ‘soda 
was used from time to time, in proper: proportions to the feed admitted, 
this amount as a rule had no priming effect.: In’ most water-tube boilers, 
however, it is a dangerous priming mixture,.and the engineer has to de- 
cide on the lesser of two evils, priming, and consequent reduction of power 
or corrosion; generally priming:is: selected, and‘some soda is ‘injected with 
the feed water, a proportion lof rather under half a'pound of: soda to each 
ton of water contained in the boiler being: used: After'a° day: or two’s 
steaming the boilers have to be emptied and refilled, and perhaps for a 
few days no sign of acidity is shown, but eventually the soda process has 
to be repeated; further, in some boilers: no sediment: chamber and fittings 
have, as a rule, been fitted, and consequently it is #ecessary to empty ‘the 
boiler into the bilge to. the detriment of'the framing and plates of the hull 
of the ship; this entails painting’ these ' parts throughout ‘frequently: By 
adopting the sediment-chamber ‘system much of the priming matter could 
be blown out while under steam) thus assisting in the maintenance df the 
efficiency obtained on the original -trials run under’ the’ best’ conditions 
of clean fresh water in’ clean boilers. | ° 

“ Priming” and * forcing’ go hand in hand, except that under certain 
very favorable conditions “ forcing” can’ be ‘used without priming oceur- 
ring. Under a forced’ draft of 3 or 4 inches of air pressure the extreme 
power may be obtained for’ perhaps four hours, if priming does not ‘occur. 
About: 90 to 100 J,H.P. per ton weight of boiler i is a possibility’ with 3%4 to 
4 inches of air pressure. Perhaps in a destroyer this may be admissible, 
such extreme ‘speeds as 30 knots may ‘not be required for more than 4 
hours, but when a similar air pressure is used to obtain the bare 20 knots 
of a cruiser four hours is far too short a period. To counteract this ten- 
dency a limit should be placed, not on the air pressure but on the I.H.P. 
to be obtaihed per square foot of grate surface. | With half an inch of air 
pressure it is possible to burn 30 pounds ‘of coal per square foot of grate, 
and’ this ‘will’ produce about 15 I:H.P. ‘In a destroyer it is necessary ‘to 
burn 70 pounds per square foot of grate when steaming the contract speed. 

Priming plays an important part in the lack of.economy’ obtained ‘with 
‘some boilers, and probably accounts for part of the comparatively ‘high 
rate of coal consumption; the method adopted of fitting a reducing! valve 
at each engine only, ‘cannot! be efficient in reducing priming, as when’ a re- 
ducing valve ‘is fitted on each boiler’ ‘In ordinary practice when priming 
occurs the! speed of the engine is reduced until a safe working limit is 
reached; but if the speed must be maintained, the practical man partially 
closes the boiler stop valves, thus regulating the output of each betler, and 
within certain. limits previously’ noticed this checks some of the priming. 
When. priming commences in one*boiler more work is thrown on’ the re- 
mainder,’ and consequently it'may iriduce priming in some of them: 

One problem’ still to! be solved in connection with priming is that under 
certain cdnditions one boiler may’ incfease its’ output almost indefinitely 
‘even when independent reducing valves are fitted; reducing the’ pressure 
is insufficient; unless the output! is also Hmited. ‘ “'Ralse water” is aterm 
‘applied to'the apparent iricrease of the’ volume Of the water in ’a‘boiler when 
printing ‘takes place! It tay be im erceptibld; but it dften causes an ap- 
parent risifig of the water level to the’extent of several inches. i 

In considering’ the final. efficiency of! the coal burned; water-tube boilers 
are ‘at somewhat of a disadvantage, owing: in’ ‘the first place tothe’ infiltra- 
tion: of cold ‘Ait ‘through the ‘outer ¢asirig, thus diluting and’ coolihg’ the 
heated products of combustion. The extent of this will depend much upon 
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the care with which the casing is fitted, and with reasonable care it may 
be reduced to practically a negligible amount. There is also a further dis- 
advantage that under equal conditions the heating surface does not seem 
to be quite as efficient per square foot as in-the fire-tube boilers. In the 
former the current of hot gases sweeps around the outside of the tubes, 
and consequently the leeward side of each tube is more or less shielded 
from the direct inpingement of the heated gases, and therefore cannot be 
expected to be as efficient as the front side. With flame tubes the interior 
of the tube is more uniformly bathed with the hot gas, and ‘its average 
efficiency is somewhat higher. So far as the final result is affected, this is 
a difference which can be overcome by providing a relatively greater heat- 
ing surface in water-tube than in fire-tube boilers, other conditions being 
the same. The amount of this excess is not definitely shown by any avail- 
able data, but indications point to an amount varying from 10 to 20 per 
cent, 

The efficiency per pound weight of boiler. The water-tube boiler in this 
regard scores perhaps its greatest advantage. This arises from two causes: 
(1) A less weight per pound of steam delivered to the engine; (2) the 
possibility of higher pressures and hence, if chosen, of a higher mean ef- 
fective pressure in the engine with a reasonable number of expansions, 
and hence a smaller and lighter engine for a.given power developed. The 
boiler itself is lighter, because the outer shell of fire-tube boilers, solid 
steel and from 1% to 1% inches thick, is replaced by a comparatively thin, 
single or double casing of sheet iron, thus saving greatly in weight. Again, 
the tubes on the whole are smaller in diameter than with fire tubes, and 
may therefore be made slightly thinner. The gain here is slight, because 
considerations of general solidity of work, provisions against corrosion, 
etc., prevent the decrease in thickness beyond a certain point. The ab- 
sence of bracing in water-tube boilers also conduces to lightness. In many 
such boilers fire brick is freely used in the furnaces for lining and to pre- 
vent the lower ends of the tubes from too close contact with the fire. This 
item is usually in excess of any corresponding item in the fire-tube boilers 
and hence constitutes a slight offset to the general excess of weight in 
the latter. 

Passing from structural features to the amount of contained water, we 
find for the water-tube boiler its most important gain in point of weight. 
In fire-tube boilers the contained water is usually about 40 per cent. of 
the total, while with the water-tube it is not usually more than 12 to 15 
per cent. On the whole, we find that boilers of the former type weigh from 
35 to 60 pounds per square foot of heating surface, while those of the latter 
weigh from 12 to 20. Or, including the engine in the comparison, we find 
that from 20 to 30 I.H.P. may be developed per ton of fire-tube boilers, 
and from 40 to 70 per ton of water-tube boilers. The range of these fig- 
ures is, of course, large, as we should expect from the varied conditions 
under which the trials are made, and the multitudinous varieties of boilers 
of the latter type. For equal power developed we may expect water-tube 
boilers to. have from somewhat more than one-half to perhaps as little as 
one-third the weight of fire-tube boilers under the same conditions. This 
gain is, of course, independent of the possibility of further gain, from a 
decrease in the size and weight of engine through a higher range of pres- 
sures throughout. In the operation, derangement, durability and repair of 
water-tube boilers, it is difficult to make satisfactory comparisons under 
these heads, because these boilers exist in so many varied forms, and the 
peculiarities of one are entirely distinct from those of another. On the 
whole, however, it. is found that under operation an advantage for the 
water-tube boiler, in the rapidity with which steam may ‘be raised; half 
an hour, if need be, being sufficient in this case, whereas 3 or 4 hours or 
longer (depending on the size and condition of the boiler) would be re- 
quired for the other type. It is not unusual to allow 12 hours to raise 
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steam in the Scotch marine boiler from the time of lighting fires, to allow 
for the gradual and uniform heating and expansion of all parts. Again, 
the water-tube boiler in general stands hard forcing without as great like- 
lihood of leaky tubes, undue internal strains, etc., as exists with the fire- 
tube boiler under like conditions. On the other hand, the small amount 
of water contained in these boilers makes it necessary to pay the strictest 
attention to regularity of feed, and renders the liability to serious results, 
from a temporary stoppage of the feed, somewhat greater. This point is 
one that is considered of great importance, and much thought has been 
given to insuring a regular supply of feed. In case the feed supply is ir- 
regular, this may lead on the one hand, with a scarcity of water, to the 
burning out of tubes, or, on the other, to a flooding of the tubes and 
upper chamber, and to a carrying of the water with the steam. 
In addition to great moisture of steam some water-tube boilers have 
given trouble with great unsteadiness. of the water level, and with 
more or less violent priming. In some cases this has led to the neces- 
sity of fitting special separators between the boiler and the engine, in addi- 
tion to the separating chamber always a distinct feature of this type of 
boiler. These difficulties are undoubtedly due to peculiarities of design 
and proportion, rather than inherent in the type itself, for there are nu- 
merous instances where such boilers have performed continuously for con- 
siderable periods under high forcing with steady water level, delivering 
dry, and in some cases superheated steam. 

As another disadvantage for deep-water service, we may note: the re- 
striction to fresh water for feed. The interior of the relatively small water 
tubes cannot be so readily cleaned of scale as the interior of fire-tube boil- 
ers, and, in spite of various means intended to localize the, deposit to the 
bottom drums, the tubes will soon become coated if salt water is used as 
feed. A deposit of scale in water-tube is, moreover, still more undesirable 
than in the fire-tube boilers, from-a likelihood of a greater disturbance to 
the circulation and a greater liability to overheating. This necessity ofa 
fresh-water feed is, in large measure, met by the growing belief that no 
boiler should, under ordinary regimen, be fed with salt water, and that all 
deficit in fresh feed should be made up by evaporators, distillers, etc. As 
to the liability to serious results from oil in the feed water, there is per- 
haps little choice between the two types of boilers. In the case of any 
boiler fed with oily feed water there will be a liability to collapsed fur- 
naces, burnt-out tubes, etc., and as far as it is practicable the oil should be 
removed by filtration before the feed enters the boiler. 

As to durability, deterioration, etc., so much depends upon the especial 
type of boiler, and the conditions of use, and further, on the comparatively 
short period for which most of the water-tube boilers have been known, 
that here again a satisfactory comparison is difficult. All evidence, how- 
ever, seems to point toward the same life for the tubes in one form, or in 
the other, other conditions being considered equally fair. In the matter 
of the case of cost of repair, it is found for same reasons as above, diffi- 
cult in making any comprehensive comparison, and it appears that the 
difference under this head will depend more upon the design of the boiler 
in question than on any inherent difference in the two types. The care of 
a steam boiler of any type, and its proper and efficient management, de- 
mands much knowledge and experience of the causes and methods of 
prevention and of remedy of injury, on’ the part of those to whom it is 
entrusted; such general care includes the preservation of the boiler against 
decay, or loss of efficiency, the retention of all its parts in good repair, and 
the maintenance in good order of all its accessories and connections. This 
calls for the highest skill and constant watchfulness, not only when the 
boiler is in operation, but also when the boiler is notin use, as it is prin- 
cipally then that corrosion in some of its various forms may appear. 

Joun Creen in “The American Marine Engineer.” 
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LEAD-LINED PIPING ON SHIPBOARD 


Description of its Manufacture.—In repairing pipe lines brass, iron and 
copper piping may be lined, but for new work lap-welded steel casing 
(being much cheaper than seamless-drawn tubing and equally as satis- 
factory) is used. The inner surface of this casing is first made entirely 
smooth by a revolving chain mop on a flexible spindle attached to a pneu- 
matic drilling machine. In the case of old piping this is first cleaned and 
the pits closed by solder, wiped off smooth, and tested to a pressure of 
300 pounds: 

All joints are made with flanges. When repairing a pipe having several 
different bends it is sometimes necessary to cut the pipe at the bend and to 
fit flanges. The flanges are counter-bored to about 34 inch from the face 
of the pipe, depending on the size of the flange, and about 1/10 inch deep, 
or the thickness of the lead which is to be flanged over, care being taken 
that the edge of the casing over which the lead is bent is carefully rounded 
with a file. 

The lead tubing used is about 4% inch smaller than the pipe to be lined 
Where bends are encountered it is necessary to pull the lining through. 
This is done by means of a rope led through the lead tube and then 
through a plug and secured by a knot. The lead tubing is then filled with 
dry sand, covered’ with tallow and, while the outer tube is tapped with a 
wooden mallet, pulled through by means of a machine operated by air 
or water pressure at from 15 to 100 pounds pressure, according to the 
nature of the bend. Bad bends are warmed slightly by means of a gaso- 
line torch. 

The plug, sand and rope are then removed and the lead examined by 
inserting a small electric portable, If no defects appear the tubing is 
tapped over into the recess of the flange at one end of the pipe only. The 
other end of the lead pipe is sawed off about 6 inches longer than the 
pipe that is to be lined and a plug is fitted. 

The air cock shown is opened and the pressure turned on slowly. When 
the air is all out the plug is closed and the pressure very gradually run up 
to 300 pounds. ‘The lead pipe becomes shorter under this pressure which 
is then removed and the lead fitted into the recess of the flange at the 
other end of the pipe. The piece of piping is then blank-flanged and 
treated to a final pressure of 600 pounds per square inch. 

Weight and Cost——In order to reduce weight the lining should be no 
thicker than absolutely necessary. For sizes given in the following table 
the weight and thickness there given have been found very satisfactory : 


Outside diameter 


of pipe. Weight of pipe. Thickness. 
1% inch 2 088 
2 3 - 999 
3 4 088 
4 54 095 


The weight of such a system is about 5 per cent, less than that of a 
similar installation of copper piping. The cost is about pages cent. less. 

Further Points of Interest Thus Far Determined.—1. The lead piping 
should be shipped from the works of the manufacturer very carefully 
packed on wooden mandrels to prevent crushing and distortion. | 

2. In the case of galvanized-iron, wrought-iron or steel tubing, the 
elbows, tees and other fittings are not lead lined. It has been found neces- 
sary to lead line fittings under no circumstances. " 

3. Old pipe has been lined with lead where the radius of the bend was 
twice the diameter, ‘but it is better practice to bend the tubing to be lined 
to about 4 or 5 times the diameter. 
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4. In relining old copper pipe it is much cheaper to reline the old pipe 
even though it is necessary to cut out the brazed flanges and substitute 
flanged fittings. 

5. The process does not work well on pipe above 514 inches on account 
of the crushing of the lead tubing when drawing it into the steel casing. 

6. Lead-lined piping is not adapted to suction pipes. The suction pulls 
the lead away from the walls of the steel casing. 

7. Lead-lined piping is not adapted for use with very hot water or steam 
service, such as bottom-blow piping for evaporators, on account of the 
large expansion in those cases. 

8. Thickness of tubing thinner than that given in the above table should 
not be used. Considerable difficulty has been experienced on recent tor- 
pedo-boat destroyers in the attempt to save weight in this manner. 

9. Specfal care should be used to give no crown to the lead where ex- 
panded over the recess of the flange. Unless a perfectly flush surface is 
thus obtained it has been found that in setting up the joint the pressure 
comes on the lead, causing it to separate from the flange recess or to 
crack where bent over the steel casing. 

10. Several cases of severe lead poisoning. have occurred at Mare 
Island due to the milky oxide of lead on the outside of the tubing getting 
into the pores of the skin of the workmen, and all the usual precautions 
~~ be taken to guard against this form of poisoning.—“ U. S. Naval 
nstitute.” 


THE FOLLOWING were found among rejected manuscript of the “Con- 
fidential Bulletin,” a publication issued by the Bureau of Steam Engineering 
to officers performing engineering duty. 


Calorific Conservation Contest. 


During the last fiscal year in each pound of fuel issued to vessels of the 

Navy there were 14,370 .B. T. U.s. Of these, 3,613 were destroyed 

~ doing useful work, but 10,757 were allowed to escape and are still at 
arge. 

Careless custodians ! 

The total of this loss of energy in the vessels of the Navy is sufficient 

a. To run Niagara Falls backwards. 

b. If applied to propelling machinery in the Dewey Drydock, to give the 
dock a speed of 27 knots, thus permitting its use as a scout cruiser or as a 
commerce destroyer. 

c. Or to do other similarly useful work. 

To encourage the conservation of this hitherto wasted energy, the “ Bul- 
letin” will award monthly prizes as follows: 

To the engineer officer who sends in, psaperly counted and packed, the 
largest number of heat units captured while attempting to avoid useful 
work, a pair of dungaree trousers (almost new). : 

To each of the five next most successful contestants, a year’s subscrip- 
tion to the “ Bulletin.” 

We want Conservation, not Conversation! rio 

Each ten thousand heat units ~~ be gee by a coupon which 
will be found on the last page of the “ Bulletin.” 

Shipments should be prepaid and addressed to “ The B. T. U. Man, Con- 
fidential Bulletin, Bureau of Steam Engineering, Navy Department, Wash- 
ington, D. C.” : 

Installation of Incinerators. 


Experiments at the morgue have demonstrated that the human corpse 
contains B. T. U.s varying from 427,200 in a person weighing 120 pounds 
to 1,236,400 in an obese person of 270 pounds. 
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To enable the patriotic corpse to devote this potential energy to the 
service of his country, incinerators are to be installed on all large ships. 

Remains of the decedent will be forwarded to his next of kin in a pen- 
alty envelope. 


RESULTS OBTAINED BY THE FRENCH NAVY IN SUBMARINE 
NAVIGATION. 


Translated from the [Chilian] ‘‘ Rivista de Marina,’’ March, IgI!. 


In France submarine navigation, created by naval engineers, improved 
and put into practice by naval officers and crews, has been jealously con- 
fined, until the last few years, to naval departments. There is, therefore, 
little known about it generally, and its efforts and successes, which are 
largely in excess of those obtained by other foreign navies, have not at- 
tracted much attention, nor is there any special publication devoted to the 
subject. But now that the Navy has had recourse to the efficient help of 
national industry,* it is right that the results obtained, which have now 
become accomplished facts, should be made known. 

It is to the unwearied efforts of their commanders, for the last twenty 
years, that is due that perfection of navigability to which the French sub- 
marines have attained, both on the surface and in deep water, so that a 
doctrine now exists, accepted by all without discussion, and progress is 
limited to seeking-improvement in speed and armaments, as well as to the 
study of the tactical utility. 

In order to form a sound judgment of the value of submarines, it suf- 
fices to glance through the reports on the numerous exercises carried out 
in France, and to examine the results which such maneuvers would ob- 
tain in war. For more than two years past the French flotillas have been 
completely organized; the repairs, inspections, periodical overhauling in 
the docks, take place normally, and the program of exercises, prepared 
with much forethought, follow their regular course. 

The anxiety to ensure the safety of the matériel has been overcome. The 
endurance of the personnel is alone taken into account. 

During one week out of every four there are carried out in every flotilla 
exercises in attack, and in firing against an armor-plated vessel, which 
serves as target. The discharge “a cone de choc,” which is an indisputable 
criterion of a good attack, is regularly practiced. The target moves in the 
sectors occupied by the submarines, with varying velocity, in unexpected 
directions, and on occasion has the right of acting in the manner best cal- 
culated to avoid any periscope that has been sighted. 

In spite of these severe conditions, in the competition of honor of 1909, 
the torpedo fire gave the following results for the Cherbourg flotilla— 
eight submarines took part, of which six were “ Laubeuf” submersibles. 

Four “Laubeuf” submersibles headed the list. Not one periscope was 
sighted, in spite of extreme vigilance. 

" 1910, the same results, The Ventose and the Germinal were the most 
brilliant. 

In the defensive operations, of short duration, submarines. of every. type 
and tonnage may be employed. But the same is not the case when the 
object is to attack an enemy who is far from his own bases of supply, The 
following experiments have demonstrated with complete precision that in 
the latter case only vessels with a tonnage of three to four hundred tons 
are of any military importance. 


* Alluding to the Creusot Establishment. 
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MANEUVERS OF MAY AND JUNE, 1909. 


The first important tactical exercises which took place in France date 
from May, 1909. At that time the question of the type of vessel which 
should be selected was no longer under discussion, because, after long ex- 
perience of the type Narvel and its derivatives, the Navy had definitely 
adopted the submersible of the “ Laubeuf” type. ; 3 

The first vessels of the Pluviose type had then completed their trials, 
and the subsequent ones had profited by all the improvements of details 
which had been recognized as necessary in their various experiments, 

The vessels which took part in the first exercises were the Pluviose and 
the Ventose, the Esmeralda and the Opale. The two first belong to the 
latest “ Laubeuf” type of 400 tons displacement, 27 per cent. of buoyancy, 
resembling floating ships with their exterior ballast tanks, naphtha boilers 
and their steam machinery. 

The Esmeralda and the Opale belong to the “ Maugras” type; they are 
derived. from the Farfadet, with a displacement of 300 tons, are cigar 
shaped, with a very low freeboard with their 7.5 per cent. of buoyancy, in- 
terior ballast tanks, and Diesel petrol motor: These vessels, which date 
from 1903, have undergone exhaustive trials. The exercises ordered were 
not originally intended as comparative trials between these two very dif- 
ferent types, but only to ascertain whether under war conditions, it was 
possible to obtain from these vessels all the requirements which one had 
a right to expect from their tonnage and armaments. 

The conditions for diving were more or less similar; those for  move- 
ment on the surface, with advantage to the submersibles. 

The maneuvers included three successive phases: 

1. Closing the Straits of Dover in order to prevent the passage of a hos- 
tile fleet coming from the North Sea. 

2. Defence of Lorient and of Quiberon, as well as of places in the vicinity 
suitable for disembarking troops, against a fleet which had blockaded those 
ports. 

3. Blockade of the port of Cherbourg, the enemy’s base, where a naval 
force had taken shelter, and whose departure was to be prevented. 

Thus exercises were carried out in the three great objectives of a flotilla 
of offensive submarines, with a large radius of action, viz: control of a 
narrow sea by closely watching the entrances; defence, against a hostile 
menace, of a national port situated far from the base of the’ flotilla; and 
lastly, close blockade of a hostile fleet within its own port: 

First Phase.—The northern fleet represented the enemy, who came from 
the North Sea. The coast of France was friendly to the submarines, and 
the semaphores and the torpedo boats of that region tried to give informa- 
tion to the submarines as to the whereabouts of the enemy. In spite of a 
tolerably thick fog, which was rather favorable to the fleet, two ironclads 
were attacked with torpedoes by the Pluviose. 

The Ventose attacked an English cruiser by mistake. At the moment 
of emergence she was sighted by the destroyers of the fleet; being com- 
pelled to dive again, and so evade pursuit, she allowed the fleet to pass 
without being able to attack it. 

Escorted by the Valmy, the four submarines made at once for Cher- 
bourg. Off Barfleur, the officer commanding the operations signaled 
“Alerte,” and the submarines dived simultaneously, The two submersibles 
disappeared in four minutes, the Esmeralda in four and ‘a-half minutes. 
Having weighed anchor at 3 A. M., these little vessels, after having been at 
sea without interruption, returned to Cherbourg’ on the night of the 5th- 
6th, in perfect condition, the crews active and fresh, in spfte ofa stiff 
breeze from the East. The matériel showed no sign of wear and tear. 

Second Phase—The four submarines started from’ Cherbourg at 10 
A. M., and reached Lorient in 34 hours, delayed slightly by the heating of 
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the machinery of the Opale. The submarines remained until the 6th July. 
during the day at Lorient and its proximity, attacking the Northern Fleet 
each time that the latter attempted to approach. Surprised by the fog, the 
fleet was compelled to anchor on May 21st, and protected itself with a pow- 
erful. boom: and screens of numerous destroyers and steam launches. 
Nevertheless, the fleet was attacked at its anchorage by the submarines, 
which, evading the vigilance of the enemy, and, passing under the boom, 
succeeded in attacking the units with torpedoes. 

The Pluviose, in diving, struck a boom, against which she injured her 
periscope, passed the obstacle rapidly, and finished the attack with her sec- 
ond periscope. On her return, she repaired her periscope, and resumed the 
exercises on the following day. 

From the 16th May to 4th June the submarines, which remained at sea 
two days out of every three, succeeded in making some forty attacks. In 
the opinion of all the commanders of the Fleet, the situation of the latter 
was untenable, and: yet the Fleet had only to deal with three submarines, 
because the Opale had. been rendered useless from the outset, owing to 
damage to her machinery, 

Third Phase-——The submarines Pluviose, Ventose and Esmeralda left 
Lorient for Cherbourg, which port they blockaded at once. During three 
days and three nights they dived during the day, so as not to be seen by the 
scouts and the semaphores; they recharged their accumulators at night on 
the surface to avoid the destroyers which pursued them day and night. 

The hostile fleet tried several times to escape. At every attempt they 
were attacked and torpedoed, without any destroyer having been able to 
surprise a single submarine. At the end of the third day of blockade (the 
limit fixed, in order not to exhaust the personnel) the three vessels made 
for Dunkirk. without touching land, and returned to Cherbourg without 
stopping anywhere. 

They remained at sea uninterruptedly for six days; before and after the 
blockade they made two voyages of 400 miles, and 48 hours of immersion 
during the three days of blockade. Such a demonstration needs no com- 
mentaries. As was to be expected; the submersibles have shown them- 
selves clearly superior to the submarines as regards seaworthiness, and, 
above all, as regards the accommodation for the.personnel. The personnel 
of the Esmeralda had. reached the very limits of endurance, while the sub- 
mersibles could have still proceeded on a longer cruise. 

Exercises and Preparation.—Every time that a squadron is in the neigh- 
borhood of military ports, the opportunity is taken to prepare a series of 
exercises for. the flotilla. The defenders occupy the nearést posts, and the 
more distant sectors are reserved for the “400 tons.” At Toulon, Roche- 
fort, Biserta, Calais and Cherbourg there was never occasion to record the 
slightest damage to the matériel, nor any sérious incident laid to the ac- 
count of these same vessels. On the other hand, the matériel, submitted to 
severe trials of endurance, has stood them well. At Cherbourg, every ves- 
sel, on receiving its armament, has to accomplish, on the surface, the tour 
of Cherbourg, Brest, Dunkirk, Cherbourg—in other words, 700 miles. On 
its return, it has to undergo an immersion of long duration, fire its war 
torpedoes, and recharge its batteries by its own resources. 

In pursuance of a general program for four weeks, the submarines leave 
their port of origin in turn, and without convoy, for the pilotage of the 
neighboring coasts, anchoring on the open coast, or in a river, entering and 
leaving and mooring at the wharves of commercial ports, like ordinary 
torpedo boats. 

We may mention here the cruise accomplished by the Papin in Decem- 
ber, 1909. The Papin,.a submersible of the Pluviose type, fitted out at 
Rochefort, was sent to.Cherbourg to place herself in communication with 
the numerous “ Pluvioses” already equipped. She stayed there eight days, 
returned to Rochefort, from whence she proceeded to Oran, then to Al- 





NOTES. 315 


giers and Biserta; in other words, a total, in less than three weeks, of 2,300 
miles, without fatigue and without incident. The voyage from Rochefort 
to Oran was made without a break and in bad weather. 


GREAT NAVAL MANEUVERS IN 1910. 


The different schemes proposed had no further object in view than 
squadron maneuvers; nevertheless, no one could fail to be surprised by the 
unexpected part played by the three large submersibles of Biserta—namely, 
Papin (Pluviose type), Circe and Calypso (Pluviose type with Diesel 
motors), attached to the Red side. 

They steered from Biserta to Ajaccio, with orders to prevent the Blue 
Fleet from blocking the latter port. Every time that the Blue Squadron 
attempted to approach the port, in order to bombard it, one at least of the 
submarines attacked it, firing torpedoes against various units. In the face 
of this constant menace on the part of the submarines, the squadron was 
compelled to withdraw to such a distance from the port that the blockade 
became almost a farce. 

The Blue Squadron became aware ofthe presence of the Red to the 
south of Sardinia; while traversing at 18 knots the Strait of Bonifaccio for 
the purpose of fighting the enemy; the squadron was attacked ‘by two of 
the submersibles, which had left Ajaccio, passing below the screen formed 
by the Blue destroyers. 

All the French and foreign journals united in praise of the perform- 
ance of these submersibles. 

The following extract from the Novoye Vremya, of 4/17th August last, 
over the signature of “ Brutus,” is interesting: 

“A squadron of ‘six armored vessels passed through the Strait of Boni- 
faccio in close column, and keeping a distance of 400 meters from mast to 
mast. This formation was arranged with the intention of giving the 
squadron the possibility of escaping more quickly from the danger of an 
encounter with submarines than it would otherwise have had. At the same 
time the squadron was surrounded by two similar columns, each consisting 
of six torpedo boats, for the protection of the ironclads against the lateral 
attack: of the submarines. Moreover, these three columns advanced at the 
extraordinary speed of 17 knots an hour, while in front of the squadron 
a few swift destroyers ran a zig-zag in order to repel or sink whatever 
might impede the way. 

“Tt is evident that, as regards peril, the submarines were under condi- 
tions similar to those in war; the slightest error on the part of the com- 
manding officer would inevitably have entailed the loss of the submarme. 
Indeed it seems strange that such experiments should take place in time 
of peace. But all the world was persuaded that, under these conditions, 
the presence of the submarine was useless, since not one would ever ven- 
ture to emerge from the water close to a fleet. In accordance with this 
conviction, the partisans of the armored fleet reckoned that none of their 
opponents would have the temerity.to accept this challenge. But they 
were mistaken. 

“Two submersibles, which guarded the coast of the Strait of Bonifaccio, 
dashed forth as for attack, and one of them, the Papin, rose to the sur- 
face between the columns of the squadron, close to the third ship from the 
rear; La Verite, aiming at her its torpedo apparatus. In consequence of 
this maneuver the Papin would have to be reckoned out of action, lost; 
but probably in a real battle the submarine would have had sufficient time 
to torpedo also the last ship of the column, the Justice, which followed the 
Verité. 

“<The appearance of the submarine struck me speechless,’ said an Ad- 
miral, hitherto a disbeliever in the submarine flotilla. ‘I never could have 
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imagined anything like it, it is evident that armor-clads are no longer sole 
masters of the sea.’ ” 

In short, during these maneuvers, which lasted one month and a half, 
these three little vessels gave evidence of great seagoing qualities, and of 
noteworthy endurance, both of matériel and of personnel. 


CONCLUSIONS. 


The three large submersibles of the “ Laubeuf” type combine the follow- 
ing qualities: they are very seaworthy; they rise perfectly to the surface, 
owing to their great buoyancy; the accommodation for the crew is such 
that, inspite of necessary imperfections, the men prefer these vessels to 
the torpedo boats. Good conditions for rest while at anchor are assured, 
by the extensive bridge and the four windsails, which produce consider- 
able natural ventilation. This condition is essential; because it is neces- 
sary that wherever they may be, after long voyages, and all the hardships 
of immersion, the crew should have the means of repairing their strength 
under the best possible conditions of hygiene and comfort. 

The Pluvidse vessels, not being encumbered by interior ballast tanks, 
fulfill this condition completely. Another great advantage obtained by the 
Diesel petrol motors, which use heavy oils without danger, is the time 
gained by not having to light fires or to overcome the heating of the en- 
gines. A simple working of the pumps in the morning, and the boat is 
ready for service at a few minutes’ notice during the whole day; there is 
no abnormal heating caused by the boilers; and the radius of action is in- 
creased enormously. 

The act of sinking below the surface, which would seem “a priori” more 
difficult in proportion as the buoyancy on the surface is more considerable, 
is effected in reality as rapidly in one class as in others. 

As regards facility of evolution in a vertical direction during immersion, 
the submersibles have proved to be more easily handled than the cigar- 
shaped submarines. In 25 seconds, reckoning from the moment of giving 
the order, a submersible of 550 tons, already immersed, passes from: the 
immersion of attack (9 meters below the keel) to the immersion of 18 
meters, at which point it passes beneath any ship floating on the surface. 

When once the 400-ton “ Laubeuf” submersibles were adopted, the réle 
of passive defence was abandoned, and the Navy now seeks methodically 
better methods for developing an active and vigorous offensive. 

At the present moment this object is more or less attained. The last 
naval program submitted to the Chamber provides for the construction of 
30 new “ Laubeuf” submersibles of the improved Brumaire type of 400 tons. 

The French submarine fleet possesses at present, either in service or in 
trials, the following units of “ Laubeuf” type: 

Four Sirenes (1901) of 202 tons; Siréne, Triton, Silure, Espadon, 

Two Aigrettes (1904), 172 tons; Aigrette Cigogne 

Two Circe (1907), 351 tons; Circe, Calypso. 

Eighteen Pluvidse (1907, 1908, i90., 1910), 400 tons; atmed, in trial, or 
in construction. 

Sixteen Brumaire type (1909, 1910, 1911, 1912), 400 tons, in trial or in 
construction ; Pluvidse type improved so as to give greater velocity on the 
surface and in immersion, and with a greater radius of action. 

Two improved type Brumaire (1911, 1912), 400 tons; in construction. 
Increase of speed and armament. 
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THE JUNKERS MARINE OIL ENGINE. 


Of the several marine oil engines now being constructed in Germany for 
merchant ships, interest attaches to that designed by Professor Junkers, 
not only because it nas been evolved as the result of considerable experi- 
ence, but because it involves differences in important features from other 
engines. Although fuller experience may modify the details, they are 
worthy of careful study in the present state of knowledge of this type of 
prime mover. We therefore reproduce illustrations which show the prin- 
ciple of the engine, the mechanical details and the general arrangement of 
the machinery to be fitted in an ocean ship for the Hamburg-America 
Line, being built by the Weser Company, of Bremen, who are also con- 
structing the engines illustrated and hope to have them ready for trials 
in their works before the end of the year. Several other German firms* 
have acquired the right under license to build this type of engine for both 
stationary aud marine purposes. 

A 200-horsepower experimental engine, constructed at Professor Junk- 
ers’ testing laboratory at Aix-la-Chapelle, gave the data for the construc- 
tion of a horizontal land engine of 1,000-horsepower, which is now under- 
going tests at Aix-la-Chappelle. It has two tandem cylinders 450 mm. in 
diameter with a stroke of 450 mm. Two pistons work in each of the two 
cylinders, and these latter are placed one behind the other. As will be seen 
from details on the plate of a vertical engine (Figs. 8 and 9), two of the 
pistons act through a return crosshead on cranks.on each side of the 
central crank, which is actuated by the other pistons, The outer cranks 
are set at 180 degrees with reference to the middle crank. The engine 
works on the two-cycle principle; by the aid of the tandem arrangement 
of pistons there is double action. While the pair of pistons in the one 
cylinder is effecting an outward travel on the working stroke, the pistons 
of the other cylinder travel inward on the compression stroke. The scav- 
enging air enters through a row of ports at the one extreme end of the 
cylinder and expels the exhaust gases through ports at the other end of 
the cylinder or combustion space between the pistons. The working pis- 
tons themselves open and close the port openings; complicated govern- 
ing gear and scavenging valves are thus obviated. Cylinder covers and 
stuffing boxes are also dispensed with. 

The action of the engine may be explained by aid of the diagrams, Figs. 
2 to 7, in which, for sake of simplicity, a one-cylinder arrangement is re- 
produced. In Fig. 3, showing the innermost position of the pistons, the 
combustion chamber, after a preceding compression stroke, is filled with 
highly compressed and highly heated air. The fuel is then injected during 
part of the ensuing outward stroke, and by means of compressed air and 
in a finely-divided condition, ignites and burns under almost constant 
pressure during the first part, from A to B in the diagram, of the out- 
ward stroke (Fig. 2). During the outward stroke the expansion of the 
products of combustion from B to C is effective. At C the pistons have 
reached the position shown in Fig. 4, in which the front piston V is about 
to lay bare the ports in the cylinder wall through which the spent gases 
exhaust into the atmosphere. At the position of the pistons shown in Fig. 
5 (C to D in the diagram), the pressure of the gases in the cylinder is 
equalized approximately with that of the atmosphere; in this position the 
rear piston H opens its ports and admits fresh air at low pressure to the 
cylinder, which, driving the remainder of the exhaust gases in front of 
it, expels them from the cylinder through the ports in the cylinder wall. 
This scavenging takes place till the outer dead-center position of the pis- 
tons (Fig. 6) has been passed up to about the piston positions shown in 


* Engineering Works of Messrs. Klein Brothers, Dahlbruch Sar: the 


General Electric Company, Berlin; and Messrs. Frerichs & Co., Limite 


Osterholz- 
Scharmbeck. 
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Fig. 7, in which the pistons on the return to the inner dead-center have 
closed their respective ports (distance D, E, F in the diagram). At the 
point F, the cylinder is filled with fresh air, and the contents of the cylinder 
are then compressed as the pistons approach one another up to the inner 
dead-center in Fig. 3 (distance F to A in the diagram). The compressed 
air becomes heated to such an extent that the fuel, which is injected at or 
shortly before the point A, ignites immediately, whereupon the process is 
repeated. 

The scavenging pumps and conipressors necessary for the supply of air 
for scavenging and for spraying the liquid fuel are arranged symmetrically 
with respect to the cylinder axis; they are-driven by the return cross- 
head, as shown in Fig. 8, on the plate, which, however, illustrates a marine 
vertical engine. 

Fach cylinder is provided with two fuel valves and one compressed-air 
starting valve. The fuel injection is so designed as to spray the oil over 
a large surface of the combustion aif, while the engine is on the dead- 
center and during part of the working ‘stroke. 

In the Junkers engine the cylinders consist of simple castings; the side 
rods are of forged material. The cylinders rest on simple elastic supports 
made of I-shaped bars. 

The cylinders have no covers; the latter, as is well known, frequently 
give much trouble in other types of oil motors. The pistons are on one 
side always in contact with atmospheric air, and run during every outward 
stroke in cool portions of the cylinder, which are not touched by the 
products of combustion. This facilitates efficient lubrication of the pistons. 

As in the Junkers engine the scavenging air does not enter by the aid 
of scavenging valves permanently fitted to the combustion chamber, which 
at every stroke take up a large quantity of heat from the latter and com- 
municate it to the scavenging air rushing through them at a high velocity, 
the charge, under normal conditions, is much colder than in the ordinary 
Diesel engine, and this is responsible for the higher mean effective pres- 
sure, and the higher specific output attained by the Junkers engine. 

The tandem arrangement is followed, since the necessary height is 
usually obtainable in the engine room without difficulty. Safety against 
swaying depends on a solid foundation, but on this point there will be some 
misgiving by marine engineers generally conversant with the influences of 
engine vibration,-a beam sea, and pitching due to a following sea. The 
cylinders and power-transmitting gear are arranged in the same way as 
in the horizontal engine, but the general design has been made to suit the 
vertical arrangement. This design is also followed in its more important 
features in the engines of twin 800 shaft horsepower under construction 
for the freight vessel of the Hamburg-America Line. The longitudinal 
sectional view shows: clearly the arrangement of the tandem cylinders, each 
with its pair of pistons, the design of the return crosshead with its rods 
to the side cranks, and, on the outer ends, the rods to the pumps for oil- 
spraying air and for scavenging air. The arrangement of the return 
crosshead for the top piston of the upper cylinder with its rods to the 
lower or main crosshead is better seen on the cross-sectional view. The 
elevation shows the fuel, exhaust and air-supply mains. 

For men-of-war the tandem arrangement will have to be dispensed 


with, and recourse had to the single-cylinder design, owing to limited 
headroom. 
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TWO-CYCLE OIL ENGINES.* 
By Frank DUNCANSON. 


If the internal-combustion engine is to displace the steam engine for 
marine propulsion it must answer to the following requirements: It must 
have a large shaft horsepower at a reasonably low speed (in order to get 
propeller efficiency), its weight for B.H.P., space taken up, and most im- 
portant, the fuel consumption must be small. 

A two-cycle engine theoretically should give twice as much power at a 
given speed as a four-cycle engine having the same piston displacement. 
Hence for a given power and speed we should need only half the piston 
displacement in a two-cycle engine and consequently should get a lighter 
and more compact machine. In order to get these ideals realized the mean 
effective pressure in the cylinders must be the same in a two-cycle as in a 
four-cycle engine, and mechanical efficiency must be the same in both cases. 

The difficulties which must be overcome in the design of a successful 
two-cycle engine are: 

1. Due to imperfect scavenging, the fresh charge is diluted with inert 
exhaust gases, and hence combustion is imperfect, consequently the mean 
effective pressure is low. 

2. Due to the same cause, weak mixtures, which would otherwise effect 
an economy in fuel, will not ignite at all, and therefore cannot be used. 

3. If the exhaust valve or port is still open when the fresh charge is 
pumped in, some of the fuel will inevitably escape with the exhaust, and 
thus the fuel consumption will be high. This applies also to engines which 
have a “ buffer” of scavening air blown in between the exhaust and the 
mixture, because it is impossible to avoid diffusion, and mixing of the 
gases due to eddies. 

4. The mechanical efficiency of the two-cycle engine will be less than 
that of the four-cycle engine on account of the auxiliary machinery which 
must be used in scavenging the cylinder and pumping in the fresh charge. 

The conditions to be aimed at in the design of a two-stroke engine are: 
ist. At the end of the power stroke we must get rid of the exhaust gases, 
then the cylinder must be scavenged, 7. ¢., the residual gas now at about 
atmospheric pressure must be swept out of the cylinder, and the cylinder 
left full of fresh air at or above atmospheric pressure. While this air is 
being compressed on the return stroke of the piston and the exhaust ports 
are closed, a small quantity of fuel must be sprayed into or otherwise 
intimately mixed with the air to form an explosive mixture which may be 
ignited towards the end of the compression stroke or at the commence- 
ment of the power stroke. It would be an advantage if the fuel were not 
injected until the compression stroke is completed, thus the danger of pre- 
ignition would be entirely avoided. 

The inherent advantages of the two-cycle are: 

1. The absence of valve pockets and big valves in the cylinder head rend- 
ers the design of this very simple; moreover, the combustion chamber or 
clearance space is much more compact, thus giving ideal conditions for the 
ignition of the charge, because, as is well known, the flame originating at 
the ignition plug takes an appreciable time to travel to the more remote 
parts of the combustion chamber, and the more compact the combustion 
chamber can be made the more rapid the ignition, and hence the better the 
thermal efficiency of the engine. 

2. If scavenging is perfect, then the total volume of the cylinder, 7. ¢., the 
piston displacement, together with the clearance volume, is filled with 
fresh air which can be usefully employed in the power stroke, whereas in 
the ordinary four-cycle engine the combustion chamber is always left full 


* Abstract of Paper read before the Institute of Marine Engineers. 
2! 
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of exhaust gases, at about atmospheric pressure, which mix up with the 
fresh charge and dilute it, thus lowering both the capacity and the thermal 
efficiency of the engine. 

3. Much weaker mixtures could be used in well- scavenged two-cycle en- 
gines, thus increasing the thermal efficiency to even more than that of a 
go cycle engine. 

4. A more uniform torque can be obtained with a two-cycle engine be- 
cause work is done on every downward stroke of the piston. This uni- 
formity of torque, besides enabling a flywheel to be dispensed with, also 
conduces to better propeller efficiency. 

5. The dimensions of the engine would be much less than those of a 
four-cycle engine of the same power, and this would compensate for the 
space taken up by the auxiliarics. 

By careful design and understanding of the conditions to be aimed at 
there is no reason why the all-round efficiency of the two-cycle engine 
should not be as good as or even better than that of the four-cycle engine. 

The conclusion to be arrived at is, that to utilize to the fullest extent the 
advantages of the two-stroke cycle, only independent pumps, which may be 
designed as such without restriction, should be used. 

As regards scavenging, it is of the utmost importance that all the burned 
gases should be driven out of the cylinder, for on this depends the effi- 
ciency, reliability, and capacity of the engine. Assuming that the cylinder 
volume is to be cleared out with air, the introduction of some air in excess 
is indispensable, hence there must be available a volume of scavenging air 
greater than the cylinder volume, because during the scavenging period 
some air is certain to be lost through the exhaust ports, and unless some 
excess air is at hand, some of the burned gases are certain to remain. If 
independent pumps are used, the supply of air may be made as much as is 
desired, but when the front end of the cylinder or crank case is used to 
compress the air, an excess is not obtainable. 

It is found that as long as the scavenging air is led from the pump di- 
rectly to the main cylinder, its proper action is seriously hampered. With 
the pump and main cylinder cranks at 180 degrees apart it is possible to 
scavenge only at the dead center; where the pump crank leads the main 
crank, the scavenging air must have comparatively high pressure on ac- 
count of the short time available for transfer. It seems necessary, there- 
fore, to interpose between pump and power cylinder a receiver of such size 
that, during the entire scavenging period, the air pressure can be main- 
tained without much drop. This pressure should be as low as is consistent 
with sweeping out the exhaust gases. An abnormally high scavenging 
pressure not only increases the lost pump work, but, what is yet worse, 
interferes with a thoroughly driving out of the burned gases. 

By carefully timing the introduction of the scavenging air a great saving 
in the pumping work might be effected, for the following reason: During 
the exhaust the velocity of the outflowing gases is very high, in the neigh- 
borhood of 2,600 to 3,000 feet per second, and is independent of port area, 
so that if the exhaust line is made as straight and as long as possible the 
kinetic energy of the exhaust gas column may be sufficient to overcome all 
frictional resistances in the line, so that the pressure in the cylinder, owing 
to the over- expansion of the gas, may drop to less than atmospheric. 

When the piston controls the exhaust ports the time taken for exhaust- 
ing and scavenging should be from 10 to 12 per cent. of the time taken 
for one stroke, and if the ports are made in a ring round the cylinder a 
large area is available for the exhaust to get away. It is desirable to have 
the pressure drop in the air receiver as small as possible in order that the 
scavenging may continue with undiminished force to the end of the period. 
To attain this end the receiver should be made as large as possible. 
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A THIRTY-DAY NON-STOP RUN OF A MARINE OIL ENGINE. 


Curle & Co., Limited, are building two sets of eight-cylinder four-cycle 
Diesel engines of 2,500 combined horsepower for the Jutlandiu, which they 
liave recently launched, and which is a sister ship of the Selandia, which is 
being engined by Messrs. Burmeiser & Wain, of Copenhagen. 

In order to gain scme experience of construction and to satisfy them- 
selves on certain points before tackling the actual engines themselves, the 
makers decided’ to construct a single-cylinder model, having the cylinder 
and the main features exactly similar to those proposed for the ship, and 
to experiment with this. This engine, which has.a bore and stroke of 
550 mm, and 730 mm.—say, 22 inches and 2914 inches—respectively, was 
duly completed some time ago, rigged up on the “bench,” and attached to 
a dynamo, and has demonstrated all the points desired. The culmination 
of these trials was reached last week, when the engine completed a thirty 
days’ continuous night-and-day non-stop run, of which twenty-eight days 
were at full power, one day ,was at three-quarter power and one day at 
half power, burning Scotch shale fuel oil of a specific gravity of 0.85. 
During the whole of this period, we are informed, the engine was never 
stopped or adjusted in any way, and no trouble whatever was experienced, 
the running being as steady on the last day as it was on the first. Such a 
run as this should go far to convince the superintending engineer that the 
Diesel engine has now reached a stage of progress at which it calls for at 
least his most serious consideration, without asking him to take too muck 
on trust; Certainly there is nothing to prove from the actual running of 
the engine that the period of thirty days might not have.been consider- 
ably extended, nor does a careful examination of all the parts on the 
completion of the run give any indication to the contrary. The engine 
was stopped at 11 A. M., the 18th January, and dismantling was imme- 
diately proceeded with, and by 1 P. M. the valves, piston and connecting 
rod were lying alongside. Six piston rings are fitted ; of these the top 
ring was found to be gripped in its groove for about one-half of its cir- 
cumference, and there was some accumulation of dirt round the groove, 
but curiously enough the whole of the surface of the ring was bright and 
had the appearance of having been doing its work up to the very last. The 
second ring was tight, if not actually gripped for about one-third of its. 
circumference, in the same part of the periphery as the top ring, but here 
again it was bright all over; the rest of the rings were in absolutely per- 
fect condition and were quite free and clean and bright. The outer part 
of the top of the piston showed a certain amount of accumulation of what 
was apparently carbonized lubricating oil; the concave part of the top, 
except in the center, where it was quite bright just where the incoming 
charge impinged, was coated with a thin film of soot which could be rubbed 
off with the finger. According to these observations it should apparently 
have been possible for the piston to have run another thirty days without 
trouble. The inlet, exhaust and fuel valves were absolutely normal, and 
these, too, might have run. another month. 

The makers drew attention in connection with the opening up of the 
engine after the trial to a curious point, with regard to the compressed-air 
starting valve, a point which we had not heard raised before, though it was 
anticipated by the builders. They contemplated at the beginning of the 
trial making it.a daily..routine to revolve this valve on its seat, but pre- 
ferred in the interests of experimental data to leave it absolutely alone 
during the whole of the trial. This valve then had been resting ,undis- 
turbed..on its seat, for a period of thirty days in the midst ofall the trying 
conditions of combustion, etc., due to, its position in the cylinder head, and 
it. was, found that while it could be depressed by the cam gear the spring 
was not sufficiently strong to return it \to its seat, owing to stickiness in 
the. guide. 

An examination of the cage showed the presence of a considerable 
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amount of moisture, rust being evident in places, whether due to the 
moisture present in the air or to some slight porosity of the metal in 
the cover it is impossible to say at the moment. In the engines now under 
construction provision of a special nature is made to meet this require- 
ay and this provision should be sufficient to obviate such a difficulty 
in future. 

The cams showed absolutely no appreciable sign of wear; indeed, no 
wear should be expected in ten times the length of run. Judging from 
the absence of any knocks when the engine was running, beyond those 
due to the cams striking the rollers, there cannot have been appreciable 
wear in the pins or bearings. Careful records were kept of all sorts of 
points throughout the trial, from which we learned that the consumption 
was 0.45 pound per brake horsepower per hour, the maximum horse- 
power obtained being 126 at 143 revolutions per minute. 

The engine has a trunk piston, though in the eight-cylinder marine type 
the short piston and crosshead will be adopted; the piston is cooled by 
oil pumped up the connecting rod, through the, gudgeon pin, and over- 
flows into a pipe which leads outside the crank case so as to be under the 
observation of the engineer; the temperature of this oil was found to 
keep at about 190 degrees F. The air confpressor is driven off the for- 
ward end of the crank shaft, and has been deliberately designed with 
about double the actual capacity required, so as to allow for experiments, 
etc. This must, of course, tell on the mechanical efficiency of the engine, 
which should be borne in mind when considering the fuel consumption per 
brake horsepower, though’ indeed the latter requires no apology. The 
compressor is of the two-stage type and delivers air for the fuel injec- 
tion at a pressure of 64 atmospheres; to effect this the air-inlet valve was 
practically closed, and when running was remarkably silent. It may be 
well to describe the reversing arrangements, though they are, of course, 
practically useless on a single-cylinder engine, and are different from 
those on the eight-cylinder engine. There are two fuel and two com- 
pressed-air cams, each with its own rocker, one pair of each for ahead 
and one pair for astern, and one inlet and one exhaust-valve cam, each 
with a rocker. One compressed-air valve rocker and one fuel-valve 
rocker are mounted excentrically to each other on a common sleeve on 
the cam shaft in the usual manner, each sleeve being connected to a lever 
on the starting platform. On receiving the order to go ahead, both these 
levers being assumed to be in the neutral position, all fuel and compressed- 
air valves out of action, the ahead lever is raised so as to put the com- 
pressed-air valve into operation for ahead, and when the engine is started 
it is depressed so as to put the fuel valve into operation. This has, how- 
ever, up to the present, left out of consideration the inlet and exhaust 
valves, which require in a four-cycle engine to have their relationship to 
each other altered by roughly a revolution and a-half. This is obtained 
as in the Blackstone engine, by using the inlet valve as the exhaust valve, 
and vice versa, shunting the fresh air and the spent gases into their proper 
channels by means of special valves. As the system will not be used in 
the marine engine we do not feel called upon to comment upon it. The 
cam shaft is driven by skew gears and a vertical shaft, in the manner now 
common, the fuel pump and governor being driven off this vertical shaft.’ 
The governor, by the way, acts on a special valve which controls the sup- 
ply of fuel to the suction valves of the pump without interfereing with 
the actual action of the valves themselves. The whole engine ran re- 
markably quietly, the compressor and the exhaut-valve cam being respon- 
sible for most of what noise there was. 

The eight-cylinder engines for the Jutlandia, are well on; the cylinders, 
guides, connecting rods, and covers are all in place; the cam’ shafts are 
bedded, and it will probably not be more than six to eight weeks before 
the engines are running. They will be fitted direct into the ship without 
any bench tests, a new and rather startling departure, but one which 
should result in a considerable saving.—* The Engineer” 
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UNITED STATES. 
BATTLE CRUISERS FOR OUR NAVY. 


It is urged by Secretary Meyer that, if we are to prevent a positive de- 
crease in the effective strength of our armored fleet, we must add at least 
two battleships yearly to our Navy. The older battleships become obsolete 
through age; the new ships are necessary to maintain our standard. 

Also he advocates the construction of a battle cruiser; this vessel to be 
additional to the two battleships. We consider that a ship of this type 
should be put in hand at once. The absence of battle cruisers would place 
us at a very great disadvantage in any operations against a navy that was 
strong in this particular type. The American Navy should possess ships 
at least equal to those possessed by foreign powers, class for class. If 
that principle be admitted, it follows that the magnificent ships of the 
Wyoming and New York classes should be represented by one or more 
26 to 28-knot, big-gun ships in the battle cruiser class. 

It is well known that the construction of armored cruisers of the pre- 
dreadnought type has fallen off considerably in recent years, but a battle 
cruiser for Japan was laid down in England last January, and Great 
Britain has four complete, four launched and two building or provided for, 
and Germany has two complete, one launched and two building. 

Nothing is known of the Japanese vessel, but of the British, six (17,250 
to 18,750 tons) are armed with eight 12-inch guns and two (26,350 tons) 
with eight 13.5-inch. The earliest German ship, on der Tann, displaces 
19,100 tons and carries eight 11-inch, but the Moltke and Goeben are of 
23,000 tons and have ten of these weapons. 

The principal argument urged against the type is the fact that guns 
or armor, or both, have to be sacrificed in order to achieve the desired 
speed, and that high speed itself is unnecessary and confers no advantage 
upon the ship possessing it except the ability to run away. The objection 
is undeniably true. A warship is a compromise, and any attribute, such as 
speed, can be increased only by the reduction of some other, such as arma- 
ment or armor. This is well illustrated by comparing the British battle 
cruiser Lion. with the battleships of the Orion class. The latter displace 
22,500 tons, have 12-inch belts, are armed with ten 13.5-inch guns, and are 
designed for 21 knots. The Lion is designed for 28 knots; and although 
she sacrifices two big guns and 3 inches of side armor, her displacement is 
no less than 26,350 tons, while her total cost, exclusive-of guns, is $9,376,220, 
as compared with $8,849,470 for the Orion. These differences are fully 
accounted for by the fact that the battleship is well served with turbines of 
27,000 horsepower, whereas the cruiser requires no less than 70,000 horse- 
power for her propulsion. The propelling machinery of the Lion cost 
$2,351,165, or 25.1 per cent. of the total cost of the ship (without guns), 
while that of the Orion accounts for only $1,223,265, or 13.8 per cent. of 
the total. On an average, the machinery of a 21-knot battleship accounts 
for 16 per cent. of the total cost. 

On the other hand, the cost per horsepower in cruisers is considerably 
lower than in battleships, and is diminishing at a more rapid rate. This 
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will be seen from the facts that the engines of the battleship Bellerophon 
(1906), of 23,000 horsepower, cost $61.7 per horsepower, and those of the 
battle cruiser Invincible (1906), of 41,000 horsepower, cost $57.6 per horse- 
power, whereas the engines of the Orion (1910), of 27,000 horsepower, cost 
$45.8, and those of the Lion (1910), of 70,000 horsepower, cost $33.6 per 
horsepower. 

The design upon which, for informative purposes, the Bureau of Con- 
struction is engaged is said to provide for a battle cruiser with a designed 
speed of 26 knots and an armament of ten 14-inch guns. Such a ship must 
be considerably larger than the battleships of the New York and Nevada 
classes, which have the same armament, but a speed slower by four knots. 
The increase would be most pronounced in the length. The British cruiser 
Lion has_the same beam as the battleship Orion, namely, 88% feet; but 
she is 660 feet long, as compared with 545 feet, and this in spite of the 
fact that she has only four turrets as compared with the battleship’s five. 

In most dreadnought battleships, American and other, the ratio of length 
to beam is 6:1, and in most battle cruisers, 7:1. In the case of the Lion, 
however, it is 74:1. Altogether, it would be a matter of surprise if ten 
14-inch guns could be accommodated on a beam of less than 95 feet; and 
that, according to foreign, practice, means a length of between 665 and 712 
feet and a displacement of between 31,000 and 33,000 tons, with engines ap- 
proximating 90,000 horsepower.—“ Scientific American,” 


BATTLESHIPS NEVADA AND OKLAHOMA. 


On January 4, 1912, proposals were oe for the construction of battle- 
ships 36 and 37, the Nevada and Oklahoma. These are to be oil-burnin 
vessels of 27,500 tons displacement and 20.5 knots speed, to be collmphited 
within 36 months from date of contract. 

The proposals were as follows: 





| No Maxi- 
Bidder. 4 ake Price. | mum |R.P.M,| Ty¥Pe of propelling 
@ | sel. HP. machinery. 





Fore River S. 1 |$5,980,000 | 24,800 Twin-screw reciprocat- 
B. Co. ing 4-cyl. triple-ex. 





5,935,000 | 26,500 Twin-screw Curtis tur- 
bine, 132’ H.P. and 
138’’ L.P., with back- 
ing turbine in L,.P. 
casing. 


51955,000 Twin-screw Curtis tur- 
bine with reciprocat- 
ing cruising engines. 


New York S. 5,965,000 Twin-screw reciprocat- 
B. Co. ing. 


5,926,000 Do. 


Newport News 6,450,000 Do. 
S. B. Co. 




















6,350,000 Do. 
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Class 1, Department design ; class 2, contractors’ design. 

Contract was awarded on January 22 to the Fore River Shipbuilding Com- 
any for the Nevada, to be propelled by Curtis compound turbines, at 
5,895,000, a reduction of $40,000 having been made for the omission of 

magazine refrigeration. On the same date the New York Shipbuilding Com- 


pany was awarded the contract for the Ok/ahoma, with reciprocating engines, 
at $5,926,000. 


SUBMARINE TENDER N/JAGARA. 


On March 20, 1912, proposals will be opened for the construction of a sub- 
marine tender of about 1,400 tons displacement, with a speed of 14 knots, to 
be propelled by two-cycle heavy-oil engines. 


THE SACRAMENTO. 


Proposals were opened on February 1, 1912, for the construction of Gun- 
boat No. 19, the Sacramento, of about 1,675 tons trial displacement and 16 
knots speed, the authorized cost of which, exclusive of armor and armament, 
is $500,000. The William Cramp & Sons Ship and Engine Building Com- 
pany were the only bidders. Their proposals were as follows: 


Hull and machinery in accordance with Department’s design, 
direct-current electric plant, delivery in 21 months 
Ditto, iene with alternating-current electric plant 
of 1,300 tons displacement, and 14 knots speed 


For a vesse 


All proposals were rejected. 


ARGENTINE REPUBLIC. 
THE ARGENTINE BATTLESHIPS MORENO AND RIVADAVIA. 


The arrangement of the two Argentine battleships, Moreno and Riva- 
davia,; is shown in the plate. 

The Rivadavia was laid down on May 25th, 1910, and was launched on 
the 26th of August last. The displacement of the vessel is 28,000 tons in 
speed-trial condition,’ and the corresponding draught is 27,7 feet. The 
other dimensions are: Length, 580 feet; breadth, 95 feet 6 inches; depth, 
49 feet 7 inches. 

The Moreno and Rivadavia are protected by a water-line belt of armor 
extending from stem to stern, the thicknesses of which are: 12 inches 
amidships, for a length of 250 feet and a depth of 4 feet 7 inches above and 
3 feet 5 inches below the water line, tapered down to 10 inches thickness 
at a depth of 5 feet 10 inches below the water line. Fore and aft of the 
main belt the thickness of the water-line belt is reduced to 10 inches as 
far as the foremost and aftermost 12-inch gun mounting, and from these 
points the thickness is 6 inches forward and 4 inches aft. 

The citadel armor between the armored deck and the upper deck has a 
height of 9 feet 6 inches and a thickness o£.9 inches below and 8 inches 
above the upper deck for a length of 400 feet amidships. The thickness of 
the armor forward and aft of these points is 6 inches and 4 inches. re- 
spectively. 

The casemate armor extends from the foremost 12-inch barbette to the 
aftermost barbette, and has a height of 8 feet 6 inches and a thickness of 
6 inches. The forward conning tower is 12 inches thick, the after tower 
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9 inches. The thickness of the protected deck is 2 inches on the horizontal 
part and 3 inches on slopes. 


The armament is to consist of twelve 12-inch guns, twelve 6-inch guns, 
and twelve 4-inch guns. 


The height of the main armament guns above the water line is: 


Foremost turret guris, feet and inches. ............. cee eeeees Sree 31-8 
Superposed turret guns, fore, feet and inches....:..... OTOL e 39-9 
Starboard turret guns, fore, feet and inches...................00008 31-8 
Port turret guns, aft, feet and inches..............cecceecceccceeees 31-8 
Superposed turret guns, aft, feet and inches................00ceeees 31-8 
Aftermost turret guns, feet and inches................. cee cee ee eees 22-5 


The total weight of armor aggregates 7,600 tons, 680 tons of which are 
employed for under-water protection against mines and torpedoes. 

The bottom of the magazines are protected by armor and situated ai a 
distance of 13 feet to 14 feet from the outside plating. 

The battleships will be driven by three sets of Curtis turbines working 
on three propellers, and aggregating 40,000 horsepower, the corresponding 
speed being estimated at 22.5 knots. The fuel-carrying capacity is 4,000 
tons of coal and 660 tons of oil, the radius of action being 10,500 miles at 
a speed of 11 knots, 7,200 miles at a speed of 15 knots, 3,600 miles at a 
speed of 22.5 knots. The boiler plant is composed of eighteen Babcock 
& Wilcox boilers in six watertight compartments.—‘ The Engineer.” 


AUSTRIA. 
THE AUSTRIAN BATTLESHIP ZRINYI. 


The Zrinyi and her sisters the Erzherzog Franz Ferdinand and Radetzky, 
represent Austria’s last word in battleship construction of the pre-Dread- 
nought era, and are of considerable interest as embodying a powerful arm- 
ament, high speed and effective protection upon a limited displacement. 
The Mediterranean Powers are peculiarly favored in being able to de- 
sign battleships and cruisers without having to make extensive sacrifices 
in order to obtain those ocean-going qualities which are so necessary to 
our own ships. The North Sea and Atlantic are more exacting than the 
calmer Mediterranean and Adriatic, and consequently both Italy and Aus- 
tria can, on a given displacement, produce ships having greater offensive 
powers and higher speed than the other Powers. Thus it becomes possible 
for Austria to build the Zrinyi class of 14,268 tons displacement, arm them 
with four 12-inch, eight 9.4-inch, and twenty 3.9-inch guns, and give them 
a speed of 20.5 knots, while the Lord Nelson class of 16,500 tons carry 
four 12-inch, ten 9.2-inch and fifteen 3-inch, and steam at 18.5 knots—a 
loss of a knot in speed and a gain of two 9.2-inch guns for an excess of 
2,000 tons displacement. The advantage is with the British ship in armor 
and coal supply, however. 

The gradual rise of Austria to a first-class Sea Power is worth more 
than the passing comment here given. Although her fleet has not yet as- 
sumed the proportions of that of her German ally, its commencement «nd 
growth have followed the same general lines. Her tactical units have been 
three ships instead of five as in the German Fleet, and the beginning of 
the new navy may be reckoned from the laying down of the Habsburg 
class in 1899—the previous 5,600 tons Wiens being merely small coast- 
defence ships of little sea-going value. 

On a displacement of 8,340 tons the Habsburg, Arpad and Babemburg 
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carried an armament of three 9.4-inch, twelve 6-inch and twenty-six smaller 
guns, had 834-inch belts amidships, 8!4-inch armor on their big and 5-inch 
on the smaller guns, and on trial steamed at 19.6 knots with circa 16,000 
H.P. They carried two big guns forward and one aft, and the 6-inch 
guns were in double-decked casements with the small q.f. along the topside 
above these, making them “ three-deckers.” They are still fast and very 
handy ships, and at present are undergoing a reconstruction which in- 
cludes rearmament and removal of most of the superstructure. The aver- 
age cost per ship was £650,000. 

The Erzherzog Karl class which followed them were designed on the 
same lines, but are much larger and more powerful. The displacement 
rose to 10,600 tons, and the armament was increased to four 9.4-inch guns 
in two 9%-inch turrets fore and aft, and twelve 7.6-inch guns, four in 6- 
inch turrets on the upper and eight in 6-inch casements on the main deck. 
Fourteen 12-pounders in the superstructure constituted the tertiary battery 
With a designed. H.P. of 18,000, the ships touched 20.3 to 20.7 f.d. knots on 
trial, with 19 knots n.d. and 14,000 H.P. 
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Plan of the Zrinyi. 


Their protection along the water line was increased to 8'4-inch-6-inch. 
Following these came the trio under notice, and in them the “ coast-de- 
fence’ idea has been abandoned and a “ sea-going” type evolved. Twelve- 
inch guns replace the small-caliber primary armament, and a pair of these 
is mounted fore and aft in big 10-inch turrets, having substantial bases of 
the same thickness. On the same level are four smaller 8-inch turrets 
with 6-inch bases, each containing two 9.4-inch guns, which have a com- 
mand of 24% feet. These guns are of 45 calibers, and discharge a 474- 
pound projectile, but are of the 1907 model. Between these smaller turrets 
is a 4-inch box battery containing a couple of 3.4-inch, and eight more are 
distributed along the main deck on either side with similar. protection, 
making twenty in all. There is a, submerged torpedo tube on each broad- 
side below water, and one under the stern. 

The protection is represented by a total weight of 3,070 tons of armor. 
The main belt extends from some 15 feet fore and aft of the main turrets, 
and is 285 feet long by 7% feet deep, 5 feet of it being below water. Be- 
yond to the bow and to within a short distance of the stem is a 4-inch 
continuation. The lower-deckside is protected by a 6-inch strake with a 
3-inch bow continuation. Above this is the 434-inch battery amidships. 
The main bulkheads are 6 inches thick and the protective deck 2 inches. 
With machinery consisting of two sets of vertical triple-expansion en- 
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gines designed for 20,000 H.P., and actuating two screws, the Zrimyi has a 
legend speed of 20 knots. On trial, over 20,600 H.P. was reached (Erz. 
Ferdinand Max) and 20.76 knots recorded as the highest speed. A normal 
coal supply of 760 tons can be augmented to 1,350 tons maximum, ‘sufficing 
for a range of 5,600 miles at 10 knots. 

The dimensions are: Length 448 feet (water line), 456 feet (over all), 
beam 82 feet, and draught (mean) 26% feet, giving a displacement of 
14,268 tons. Herr Siegfried Popper was responsible for the design, and 
Herrn Gustav Lendecke and Anton Demal for the machinery pians. A'l 
the three ships were built and engined by the Stabilimento Tecnico, Trieste, 
and completed between 1910 and 1911. 

From the illustration and plan the general appearance of the ships can 
be gathered, and it will be noticed how small the actual target is as com- 
pared with the Lord Nelson type. This is, of course, owing to the fact 
that the Austrian tertiary battery is along the main deck, whereas in the 
British ship it is disposed along a flying deck high above the 9.2-inch 
upper-deck guns. Both systems have their advantages, for while the 
Zrinyi could fight her guns in most weathers prevailing in the Mediter- 
ranean, the Lord Nelson’s guns, if on the same level, would be unworkabie 
during a good portion of the year in British waters. 

In many minor respects the Zrinyi differs from preceding types. For 
one thing, she is fitted with torpedo nets, and has the big boat derricks, 
which are characteristic of the latest German ships. The range-control 
tops, high up on the fore, and well down below the smoke course on the 
main mast are after the British pattern. 

The Dreadnoughts which replace these three ships on the stocks will be 
dealt with in due course. Suffice it to say that their advent puts the Aus- 
trian navy upon a new and more formidable standing, and marks the com- 
plete “ Welt-politik” incubation of the of the fleet from the early ‘“ home- 
defence” chrysalis of the Wien days. 


COMPARATIVE TABLE, 





Zrinyt Lord Nelson Verite 
(3 ships) (2 ships) (4 ships) 
AUSTRIA, Gr, Britain. FRANCE. 
SNE = TAME css see 5c aca e'e eres ees 448X82XK26%4 485X791%%XK27 489X794 K28 
Displacement, tons. y 14,268 16,500 14,900 
Designed H. P. .... 20,600 16,750 18,000 
BeOG. MMO. cipctaacms axasde 20 18.5 18 
Maximum, speed, knot..............- 20.76 18.9 19.46 
PETONOC: WET; / TMEDER: «0 's'c ve tn Sa'c'e Ch erga e 9-4 12-6-4 11-9-7 
side above belt, inches....... 6 8 10-54% 
deck, inchesuj ii. .siideWiritea. 2 2 2% 
NNR RO ae coe es carne 10 12-8 1244-11 
secondary, inch........2.0... 8 7 5% 
Armament— 
Main, nes. 2% vidsisice <p went «obey be four 12 four 12 four 12 
POOCUMCAT NT, 5 SMUCTEA 6 5 'o.<.ccc00,> wba. ons oh eight 9.4 ten 9.2 ten 7.6 
SOUT P eps tec poet esiccsyasecepoe 15 12 pdrs 13 9 pdrs. 
ROeIATH MGs i523 I LRG OS. pag, pe es 16 3pdrs. 10 = 3 pdrs. 
«See ble h 99 Weleerds.« cleph 3 T. Tubes 5 T. Tubes 4 T. Tubes 
Coal supply, tons.......scseceeeeeeed 750/1350 oOo | -:908/1885 
Date of completion................... 1910-11 1907-8 1907-8 










—‘ The Marine Engineer and Naval Architect.” 


CUBA. 
TWO NEW NAVAL VESSELS UNDER CONSTRUCTION FOR 
CUBA, 

On the 10th of the past October a cruiser and a gunboat’ for the Island 


Republic were launched ‘at the shipyard of the’ William Cramp & Sons 
Ship and Engine Building Company, Philadelphia. 
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The gunboat is intended primarily to serve as a training ship for the 
enlisted men and the cadets of the Navy, and to that end the little vessel 
will be typically up to date and quite equal to the demands of the practical 
requirements of Cuba’s bluejackets and her embryo officers. The gunboat, 
which is named Patria, has the following principal dimensions: 


Length between perpendiculars, feet 

Beam, molded, 

Depth, feet 

Normal mean draught, feet 

Displacement, at 12-foot draught, salt water, tons 
Speed on measured mile per hour, miles 


The armament of the Patria will consist of the following guns: Two 
6-pounder rapid-fire guns; four 3-pounder rapid-fire guns; four 1-pounder 
rapid-fire guns; two 7-mm, machine guns, 

All of these weapons are of the United States Navy standard, and are 
mounted as follows: One 6-pounder forward and one 6-pounder aft on the 
main deck centerline, each gun having, respectively, a train of fire 45 de- 
grees abaft and forward of the beam on either side; two 3-pounder guns 
mounted on each broadside, one at each corner of the superstructure, and 
commanding wide arcs of fire, and the 1-pounders, two on each side, placed 
amidships. The 7-mm. guns are to have field carriages, so that they can 
be used with landing parties. 

Structurally, the Patria presents no novelties, but she is representative 
of the best modern practice. The boat will be driven by twin screws,. ac- 
tuated by two inverted, vertical, triple-expansion engines. The stroke will 
be of 2 feet, and the cylinders will be of 13-inch, 22-inch and 36-inch diam- 
eters, respectively. At full speed, i. e., 16 statute miles an hour, the en- 
gines will make 200 revolutions a minute. Steam will be furnished by two 
water-tube boilers of the Mosher type. These boilers will have about 100 
square feet of grate surface and something like 4,400 square feet of heat- 
ing surface. They will be placed in one compartment. The boat will also 
be fitted with a small donkey boiler. The Patria will be furnished with 
the following auxiliary machinery: One main and one auxiliary feed pump. 
each of the same size, and either capable of supplying the boilers at full 
power. One auxiliary condenser, with combined air and circulating pumps. 
Two fire and bilge pumps of duplicate dimensions. Two water service 
and salt water sanitary pumps. One fresh water sanitary pump. One main 
air pump. One circulating pump. One evaporator and distiller. capable 
of supplying make-up feed and drinking water. These are of the Reilly 
type. Two forced-draft blowers. One steam ash hoist of the direct-acting 
steam cylinder type. One ash ejector. 

The Patria will be provided with accommodations in the deck house 
amidships for twenty midshipmen and ten cadet engineers. Each state- 
room will be arranged to hold from three to four of these young officers. 

The cruiser Cuba will naturally be of more military value than the Patria. 
Apart from her regular naval service the Cuba is designed to be the yacht 
of the President of the Island Republic. The presidential suite is finished. 
in mahogany, and all of the furniture will be of the same rich wood and 
Chippendale in pattern. 

The Cuba has the following principal dimensions and general charac- 
teristics: 


Length between perpendiculars, feet 

Beam, molded, feet 

Depth, feet 

Normal mean draught, feet 

Displacement, in salt water, at 13-foot draught, tons 
Speed on measured mile at 13-foot draught, miles 
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She will be armed with the following rapid-fire guns, all of United States 
Navy standard: Two 4-inch, of 50 caliber; four 6-pounders; four 3-pound- 
ers; four 1-pounders; two 7-mm. Colt guns for landing parties. 

There will be one 4-inch gun forward and one aft on the main deck 
centerline, capable of training abaft and forward of the beam, respectively, 
on either side for 45 degrees. The 6-pounders will be mounted two on each 
side at the forward and after breaks of the superstructure. The two for- 
ward guns will be able to fire directly ahead as well as 60 degrees abaft 
the beam, while the after pair will be able to fire directly astern and to 
train 60 degrees forward of the beam. The 3-pounders will be mounted on 
the main deck amidships, and the 1-pounders will be placed between these 
weapons. 

The 4-inch guns are protected by armored shields, and the armament of 
‘ the Cuba is calculated to make her a very effective craft against filibusters 

and smugglers; in fact, a thoroughly excellent boat for the police service, 
for which she is primarily designed. 

The Cuba is of steel, like the Patria. She is provided with a watertight 
protective deck, which is carried down at the sides below the water line, 
so as to guard the craft against the admission of large quantities of water 
in case of injury in the neighborhood of the wind-and-water region. The 
cruiser is fitted with a double-bottom tank for reserve feed water, and 
other feed-water tanks will be located in some of the coal bunkers—the 
compartments being cemented and supplied with all necessary manholes, 
suction pipes, etc., for the purpose. 

Both the Cuba and the Patria will be lighted electrically and furnished 
with searchlights. There will be two dynamos and engines of the mer- 
chant marine type provided for this purpose. The vessels will be fitted 
with steering engines of the Williamson Bros. pattern in conjunction with 
the William Cramp & Sons arrangement for working the cross head on the 
rudder stock by screw gear. 

The Cuba is a twin-serew craft, and is to be driven by two inverted, 
vertical, triple-expansion engines, having cylinders of 16, 26.5 and 44 inches 
diameter and a stroke of 26 inches. At full speed the engines will make 
160 revolutions a minute. These engines are fitted with double-bar Steven- 
son link reversing gears. All cylinders are fitted with piston valves. One 
main condenser for the two engines is to be placed in the after part of the 
engine room; suitable exhaust pipes connecting to both low-pressure valve 
chests. Two water-tube boilers, Mosher pattern, will furnish the steam. 

These boilers will be located in a single compartment, and will have 135 
v square feet of grate surface and 6,000 square feet of heating surface. There 
ig will also be a small auxiliary boiler. The boilers will be operated under 
the closed-stokehold system, with an air pressure riot exceeding 21%4 inches 
of water when steaming at full speed. The auxiliary machinery will be a 
duplicate of that required for the gunboat. 

Both the cruiser and the gunboat will have a wireless telegraph system, 
and will also be fitted with regulation Ardois light signals.—‘“ International 
Marine Engineering.” 















DENMARK. 


THE DANISH TORPEDO BOAT SORIDDEREN. 


This vessel is one of the latest additions to the Royal Danish Navy to 
meet the special conditions of service in the shallow waters of the Great 
and Little Belt. It therefore possesses many novel and interesting features. 

The vessel is 181 feet 9 inches long by 18 feet beam, being larger than 
the usual torpedo boat; in fact, it is as large as the first destroyers which 
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were built, but, of course, much smaller than destroyers of the present day. 
There afe ten watertight compartments, One outstanding feature is the 
raised forecastle forward, and the raised poop aft, thus providing good 
platforms for the guns and also for working the anchor gear. The arma- 
ment consists of a 7.5-cm. quick-firing gun forward and another aft; also 
five 45-cm. torpedo tubes, one of which is built into the structure of the 
vessel at the bow, the others being on swivel carriages on either broad- 
side. Another point of interest in a vessel of this type is the position of 
the bridge, which is a long way distant from the bow, and consequently in 
a much better position for maneuvering the vessel in bad weather, when 
the spray thrown up by a high-speed vessel makes a position further for- 
ward too much exposed. There are two masts, so arranged as to take the 
aerial wires for the wireless-telegraphy installation, a silent chamber being 
provided just below the bridge in direct communication with the officer in 
command. 

Steam is supplied by two Yarrow patent water-tube boilers of the latest 
type, each boiler being placed in a separate compartment. These boilers 
are fitted for burning coal, and are constructed for a working pressure of 
265 pounds per square inch. In these boilers the feed water enters by a 
special feed pocket in the lower drums, so that it ascends the two outer 
rows of tubes before mixing with the general circulation of the water. 

The main turbines are two in number, of the Brown-Curtis type, built 
by Messrs, Yarrow & Co., each driving its own shaft, and with an astern 
turbine incorporated in each main casing, so that each turbine is an inde- 
pendent unit, capable of going either ahead or astern without interfering 
with the other. For a vessel which has to navigate in narrow channels this 
system of turbine offers great advantages as regards maneuvering powers. 
The auxiliary machinery is of the usual type. 

The official trials of this vessel were made at Skelmorlie in rough 
weather, and on the measured mile the mean speed of 28.28 knots was ob- 
tained with 5,300 shaft horsepower, the turbines running at 1,050 revolu- 
tions per minute. On the three hours’ full-speed trial a mean speed of 
27.217 knots was obtained, which was well over the contract speed. A con- 
sumption trial was also made with the vessel, of which the results obtained 
were far above the contract requirements, so that the boat has a radius of 
action, with bunkers full, of 1,400 miles at a 14-knot speed—“ The En- 
gineer.” 


ENGLAND. 
BATTLESHIP TRIALS..- 


Five battleships, including the Orion, have passed successfully through 
their trials this year, two of them being Portsmouth Dockyard ships, while 
the others are by the firms named in the table. The conditions attending 
the trials vary, and it would be a mistake to establish a close comparison 
between the performances. Moreover, the displacements of the ships dif- 
fer: the Orion and the Monarch are of greater displacement than the others 
and consequently greater power was required to ensure that the same high 
speed as in the earlier battleships would be realized—namely, between 21 
and 22 knots. As typical of speed results, it may be noted that the last of 
the battleships tried—the Monarch—attained a mean of 21.88 knots on the 
measured-distance runs during the full-power eight hours’ trial. The Ad- 
miralty are very wisely making practical experiments in all types of ships. 
in order to ascertain the most efficient propellers; this is most economic- 
ally done by arranging for differently proportioned propellers in ships of 
the same class, so that results of running over a lengthened period, under 
service conditions, can be utilized to collate data. The propeller best suited 
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for ships of given size and form is thus determined, and opportunity is 
taken, in renewing propellers, to fit the ships with the most suitable screws. 
This is the most reliable method of studying the problem, which can 
scarcely be solved accurately by the ordinary means of experimenting on 
models in tanks. As the possible gain in economy is considerable, the ulti- 
mate advantage in increased speed for a given power compensates liberally 
for the expenditure incurred in such trial of different propellers in the 
ships of a class. As regards the coal consumption of the battleships on the 
list, it will be seen that on the long trial at what is called high power the 
average is 1.8 pounds, while on the full-power eight hours’ test, when both 
coal and oil are used, the consumption, stated in terms of coal, averaged 
1.7 pounds per shaft horsepower per hour. As every safeguard is adopted 
to secure service conditions, these results must be reckoned as satisfactory ; 
the fuel required to generate steam for all the auxiliary. machinery is 
included. 

The Indefatigable is one of the large-powered ships, with a legend speed 
of 25 knots, which was far exceeded on the trial; in this case the fuel 
consumption at full speed worked out at only 1% pounds per shaft horse- 
power per hour. There are three of the “Town” class of cruisers in- 
cluded in the table. These are ships also of the legend speed of 25 knots, 
but on trial they each steamed practically 26 knots, and here the consump- 
tion, notably at full power, was remarkably low, being 1.4 pounds in the 
case of two of the vessels. The Blonde and the Active, built at Pembroke, 
have already been referred to, and both vessels, like their predecessors, 
have proved most economical ships, the consumption averaging, at both the 
high-power and full-power trials, 1.5 pounds. In their case also the speed 
was practically 26 knots. In the case of all these ships the propelling ma- 
chinery was of the Parsons turbine type.— Engineering.” 


H. M. S$. LION. 


The battle cruiser Lion, laid down under the program of 1909-10, has re- 
cently completed her steam trials. She is of the following principal di- 
mensions. 

Length, 660 feet; beam, 88.5 feet; displacement, 26,300 tons; designed 
H.P., 70,000; designed speed, 28 knots, armament, eight 13.5-inch, six 
teen 4-inch, and six smaller guns. 

The propelling machinery consists of two sets of turbines, entirely in- 
dependent of each other, and arranged on each side of the center line of 
the ship. There are four shafts, each with one propeller. Each set com- 
prises a high-pressure ahead turbine, in which is incorporated a cruising 
stage at the forward end of the turbine for working at low powers only, 
the steam being by-passed over this stage at full power or at high fractions 
thereof; a low-pressure ahead turbine; a high-pressure astern turbine; and 
a low-pressure astern turbine. The high-pressure ahead and astern tur- 
bines are separate, and both are mounted on a wing-shaft, while the low- 
pressure ahead and astern turbines are within one casing and are on an 
inner shaft. All of the tubines are of the Parsons reaction type, and the 
machines in each set work in series. All four shafts are available for 
ahead and astern working. The engine rooms are suitably divided for 
protection purposes. Four condensers with steel external plates, with 
cast-iron covers to protect the tubes from galvanic action, are placed aft, 
together with the centrifugal pumps and other auxiliaries. The whole of 
the arrangements, including those of the steam and exhaust piping, feed, 
drain and oil-lubrication systems, are such as to preserve the indepen- 
dence of the port and starboard sets of machinery, and to allow either set 
to be worked when all parts of the other are disabled. 

The rotor drums, spindles and connecting pieces of the turbine are of 
forged steel, and the rotor wheels are of forged steel of the arm type. The 
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turbine and propeller shafting are of forged steel, bored hollow. Thrust 
and adjusting bearings are fitted to each line of shafting. Complete forced- 
lubrication arrangements are provided for the turbine and plummer-block 
bearings. Two main oil-service pumps are fitted in each of the four en- 
gine rooms for the forced lubrication of the bearings. A water-service 
pump is fitted in each of the four engine rooms in connection with the 
oil coolers. 

There are two independent air pumps for each pair of main condensers. 
The circulating pumps for the main condensers are of the centrifugal type, 
two for each pair of main condensers. The pumps are driven by in- 
dependent two-crank engines, fitted with forced lubrication. The four- 
teen main and auxiliary-feed engiries are of the single direct-acting type. 
One main and one auxiliary-feed engine is placed in each division of the 
boiler compartments. There are four grease extractors in connection with 
the delivery pipes of the main air pumps, and grease extractors are also 
fitted in connection with the auxiliary air-pump discharges. Eleven steam 
pumping engines are fitted for fire and bilge purposes and for emptying the 
double bottoms of the compartments in which they are situated. Four of 
these pumps are fitted in the engine rooms, and the remainder in the boiler 
compartments. Those fitted in the boiler rooms are also capable of being 
used in.connection with the ash ejectors. In addition to the main con- 
densers there are two auxiliary condensers for taking exhaust steam from 
all auxiliaries. In connection with these two air and circulating pumps 
are provided. Six evaporators, worked with steam taken from the auxil- 
iary exhaust system or the auxiliary steam service, are used, and the two 
distilling condensers are capable of condensing all the steam from four of 
the evaporators. The remaining evaporators are arranged to deliver the 
vapor to the auxiliary condensers. 

There are forty-two water-tube boilers of the Yarrow type, working at 
235 pounds pressure per square inch, and arranged for forced draft with 
closed stoke-holds. The boilers are fitted in several watertight compart- 
ments, with more than usual subdivision. Electrical indicators for regu- 
lating boiler firing are fitted, the furnaces being numbered to suit the in- 
dex of the indicators. Steam-driven air compressors are supplied in each 
compartment for cleaning the boiler tubes externally by means of an air 
jet, and for supplying air over the fires. There is a fan for supplying draft 
to each boiler. They are of the single-breasted type, and are driven by 
double-acting steam engines fitted with forced lubrication. The boiler 
room, fire and bilge pumps are adapted for use as ash-ejector pumps.— 
“ Engineering.” 


NEW TYPE OF SUBMERSIBLE BOAT FOR THE BRITISH NAVY. 


The Admiralty have placed an order with the Scotts’ Shipbuilding and 
Engineering Company, Limited, Greenock, for the building of a submer- 
sible boat of the Laurenti type, as constructed by the Fiat San Giorgio 
Company, of Spezia. A feature of the Laurenti design is the construction 
of an outer hull to give the highest propulsive efficiency’ and reserve buoy- 
ancy on the surface, with the minimum of draught, and an inner hull to 
minimize the internal cubic capacity while ensuring satisfactory conditions 
when submerged. The double skin, which is braced with stays to ensure 
the maximum of structural strength, is confined largely to the central part, 
and the space between the shells up to the water line on surface displace- 
ment is utilized to form water-ballast tanks for submergence. Kingston 
valves are fitted at the turn of the bilge on each side for the flooding of the 
compartments, and the structure is made sufficiently strong to enable the 
water to be pumped out without danger of collapse due to the pressure of 
the sea water on the outer skin; but compressed air can be, and is nor- 
mally, used for expelling the water when the boat is to return to the sur- 
face. Over the central part of the ship there is a double decking, with lat- 
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tice bracing, and, valves are fitted on each side above the water line 
through which water automatically enters and leaves respectively for the 
submergence or emergence of the vessel, which is effected on an even 
keel. This double decking extends practically from bow to stern. Ver- 
tical bulkheads divide the interior into several compartments. The new 
British submersible boat will be of the twin-screw type, with twin six- 
cylinder Fiat engines in one engine room, and electric motors, the latter 
for propelling the boat when submerged. The torpedo tubes will be for- 
ward, under the bow, and the storage tubes above. Italy, Sweden, Den- 
mark and the United States have had submersible boats of this design. 
The Swedish boat is the more notable, as she made a voyage from Spezia 
to Stockholm without escort. She is 139.4 feet long, 14 feet beam, and 8.2 
feet draught, and the voyage was made in stages respectively to Cartha- 
gena, Gibraltar, Lisbon, Oporto, Vigo, Ferrol, Brest, Portsmouth, Ymui- 
den, Kiel and Stockholm, the longest non-stop run—from Spezia to Car- 
thagena—being 790 sea miles.—“ Engineering.” 


H. M. MOTOR BOAT “NO. 64.” 


This launch has been delivered to Chatham Dockyard, after a course of 
tests by Admiralty officials. It was built by Messrs. John I. Thornycroft 
& Co., Limited, and has been fitted with a Diesel engine by the Diesel En- 
gine Company, of 179 Queen Victoria street. The dimensions are: length, 
60 feet; beam, 10 feet; draught, 21 inches. The accommodation comprises 
a fore-peak with access to deck by watertight circular hatch, a commodi- 
ous fore-cabin, and aft another cabin, fitted up in the usual way for boats 
for harbor service generally, i. e., for swinging lamps, folding table, glass 
racks, etc. The whole of the cabin work is of teak, and the compartments 
are well ventilated. Lockers are arranged under the seats. Right aft is a 
large watertight well, protected by a deep coaming and white duck awning 
overhead. This is provided with four self- -emptying lifeboat-pattern valves, 
and covered by gratings of American elm in sections. The well is pro- 
vided with seats all round. Immediately under the aft well is a space for 
stores, to which access is provided by watertight steel doors. In practically 
all respects as regards fittings, etc., the boat complies with usual Admiralty 
practice. The engine room is amidships; access to it is obtained through 
folding door or sliding hatch with ladder. This compartment is lighted 
with glass windows and brass lamps. The machinery consists of one four- 
cylinder two-cycle Diesel motor of approximately 100 horsepower, which. 
gives the boat a speed of about 1014 knots. The scavenging pump is driven 
off the crank shaft at the forward end, and there are two air compressors, 
one on each side of the scavenging cylinder. Two long cylinders, fixed 
one on each side of the engine room, and about 18 inches in diameter, form 
reservoirs for manetvering, one being used as a stand-by, while the injec- 
tion-air reservoirs are of the ordinary type, as fitted for stationary work. 

Each cylinder has four valves—fuel-inlet, starting-air, and two scavenging- 
air valves; the fuel, starting, and one scavenging valve on each cylinder are 
operated by a cam shaft on the port side, and the other scavenging valve 
by the cam shaft on the starboard side. Reversing in this engine is accom- 
plished by altering the times of operation of the fuel-inlet and_starting- 

valves, this being effected by turning a subsidiary shaft through the re- 
quired angle, a motion which, by means of levers and eccentrics, alters the 
position of the cam operating the fuel and starting-valve levers. The sub- 
sidiary shaft is actuated by the main starting wheel of the engine, and the 
arrangement is such that the first movement of the hand wheel causes the 
engine to run on compressed air, further rotation puts two of the cylinders 
on air and two on oil, while the final position of the wheel brings all the 
fuel valves into operation and cuts out all the air-starting valves. Revers- 
ing from full speed ahead to full astern occupies only a few seconds.— 
“ Engineer.” 
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FRANCE. 
TRIALS OF THE FRENCH BATTLESHIP VERGNIAUD. 


The French battleship Vergniaud forms one of the Danton class, and she 
has recently completed her official trials to the satisfaction, so we under- 
stand, of the French Admiralty. .There are six vessels in this class, namely, 
the Danton, Mirabeau, Diderot, Condorcet, Voltaire and Vergniaud, Their 
normal designed displacement is 18,400 tons, their length over all 480 feet, 
their length on the water line 475 feet 9 inches, their beam 84 feet 9 inches, 
and their maximum draught 27 feet 6 inches. They carry four 12-inch 
guns and twelve 9.4-inch guns. They are fitted either with Belleville or 
Niclausse boilers, three having one type and three the other. The Verg- 
niaud is the last of her class to be added to the French navy. The Verg- 
niaud was built at the Gironde Works, engined by the Mediterranean 
Works, and fitted with Niclausse boilers. The engines are two sets of 
Parsons turbines driving four shafts. 

We give below the official figures obtained on the trials: 


Ten-Hours’ Full-Speed Trial. 


Number of revolutions per minute, mean 
Average speed, knots 
Coal consumption per mile run, pounds 


square meter of grate, kiJos. 
square foot of grate, pounds 
Steam pressure at boilers, pounds 
steam chest, pounds 
Vacuum at condensers, mm 


Three Hours’ Full-Speed Trial with Forced Draft. 


16th Nov., 1911 
Number of revolutions per minute, mean 302.96 


Average speed, knots 19.675 

Coal consumption per mile run, tons 1.17 
HOES S008 8 voc Ab ailecase a0 (anaes 23.0198 
square meter of grate, kilos 161.94 
square foot of grate, pounds 33.17 

Steam pressure at boilers, pounds 249 


turbines, pounds 153.25 to 155.73 
Vacuum at condensers, mm 561 to 634 


Twenty-four Hours’ Consumption Trial. 


1ith Nov., 1911 
Number of revolutions per minute, mean 261.2 
Average speed, knots.......... Bath hehe Si oe ha 17.74 
Coal consumption per mile, pounds 1,516 
ours, tons . ' 12.006 
square meter of grate, kilos 84.72 
square foot of grate, pounds.... 17.35 
Steam pressure at boilers, pounds 223.2 
turbines, pounds 172.0 
Vacuum at condensers, mm 602 
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Consumption Trial with Half Boilers at Work. 


7th Nov., 1911 
182.35 
13.38 


Number of revolutions per minute, mean.......... biased 
Average speed, knots 
Coal consumption per mile, pounds 
hours, tons 
square meter of grate, kilos. 
square foot of grate, pounds 
Steam pressure at boilers, pounds 
turbines, pounds 
Vacuum at condensers, mm 


Slow-speed Consumption Trial. 


No. of boilers at work... 7.0 
revolutions per minute, mean 119.7 
Average speed, knots 8.57 
Coal consumption per mile, pounds 710 
hours, tons 2.72 
square meter of grate, kilos eae 71.25 
square foot of grate, pounds 14.6 
Steam pressure at boilers, pounds 228.24 
turbines, pounds 22.74 

Vacuum at condensers, mm 610 


The designed speed of these vessels is 19.25 knots—‘“ The Engineer.” 


THE FRENCH DESTROYER BOUCLIER. 


The French destroyer Bouclier was recently handed over to the French 
Admiralty by the firm of A. Normand & Co., which built her. This vessel 
is the first among the numerous craft built at the Normand Yard to be 
fitted with Normand boilers fired only with liquid fuel. The burners em- 
ployed are of a type patented by the firm. The Bouclier, which was en- 
gined by the Cie. Electro Mécanique, of Le Bourget, near Paris, has the 
following particulars: 


Length over all, feet and inches 

Length between perpendiculars, feet and inches 

Extreme breadth outside plating, feet and inches 

Depth, feet and inches 

Mean draught, feet and inches 

Displacement on trials, tons 660.44 


The hull is of high-tensile steel, galvanized in the upper works. It is 
divided into ten watertight compartments. The hull is clincher riveted, 
the stem is of forged steel, and the sternpost, etc., of cast steel. The ves- 
sel is divided as follows: From forward aft: Collision compartment, crew's 
quarters with chain locker underneath, ammunition room and storeroom. 
boiler rooms, engine rooms, officers’ quarters, petty officers’ quarters, and 
storeroom. The deck is covered with linoleum and wooden battens. 

The Bouclier has a high freeboard forward, and owing to this the men 
are better berthed than in other French destroyers, while the vessel is 
able to maintain a good speed even in a rough sea. The navigating officer 
and the man at the wheel are also better protected than is the case in 
previous boats. 

Steam is supplied to the main engines and auxiliaries by four Normand 
water-tube boilers. The liquid fuel is, before being uSed, heated in a form 
of heater which has been newly patented by the Normand firm. The boil- 
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ers have a heating surface of 5,277 square feet and a combustion chamber 
of 386 cubic feet capacity. The safety valves are set at 228 pounds per 
square inch, and at full power an air pressure equal to that of 110 mm— 
about 4 inches of water—is permitted in the stokehold. The boilers have 
been designed each to burn 3,300 kilos. (= 7,273 pounds of fuel) per hour, 
but as a matter of fact this consumption was not reached during the trials 


even at full power when the speed attained was actually about 414 knots 
in excess of that contracted for. 











The main engines consist of Parsons turbines driving three shafts. 
There are a high-pressure ahead turbine on the center shaft and two low- 
pressure ahead turbines on the wing shafts. Astern turbines are incor- 
porated in the casings of the two latter turbines. Each shaft carries one 
propeller, 5 feet 3 inches in diameter and 4 feet 11 inches pitch, designed 


to work at 1,000 revolutions per minute at full power. The condensers 
have a cooling surface of 11,682 square feet, and a vacuum of 700 mm. was 
guaranteed. The four Normand boilers have a heating surface of 21,108 
square feet, and the cubic capacity of the furnaces is 1,544 cubic feet. Each 
boiler has nine burners. 

The following are the results of the official trials: 


Six Hours’ Full-power Trial. 


Displacement at start, tons 
Average mean steam pressure, pounds 
chest pressure, pounds 
air pressure in stokeholds, mm 

Pressure in liquid-fuel burners, pounds per square inch 
Revolutions per minute, mean 
Mean speed for stx hours, knots 
Contract, speed, knots 
Shaft horsepower 
Vacuum at cendenses, mm 
Consumption of fuel per hour, pounds 

permitted by contract, pounds 

per square foot of heating surface, pounds.... 

per horsepower hour, pounds 
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Eight Hours’ Consumption Trial. 


Displacement before trials, tons 659.446 
Mean draught, feet 12.6 
steam pressure at boilers, pounds 214 
Revolutions per minute, mean 325.19 
Mean speed for eight hours 14.06 
as per contract 14.00 
Shaft horsepower 1,400 
Vacuum at condensers, mm 730.3 
Consumption of fuel per hour, pounds 1,915 
per horsepower hours, pounds (nearly) 1.37 


T he shaft horsepower was ascertained by means of a Hopkinson-Thring 
torsiometer. 

The Bouclier has up to the time of writing proved herself to be the 
speediest and most economical vessel of her class, and her performances 
are certainly excellent. Her armament consists of four 18-inch torpedo 
tubes. Six torpedoes are carried. There are two 4-inch quick-firing guns, 
one forward and one aft, and two 2.5-inch quick-firers, two forward and 
two aft, one on each side. Four hundred and fifty shells are provided for 
each gun. 

The fuel bunker capacity is of such dimensions that the fuel which can 
be carried permits of a radius of action at 14 knots of 1,950 miles. A view 
of the vessel under way is given herewith. 


ITALY. 
ITALY’S FIRST TURBINE-DRIVEN CRUISER, THE SAN MARCO. 


By Dacnino ATTiILio. 


The first Italian turbine cruiser, the San Marco, has recently completed 
a series of very successful steaming trials at Spezia. She was launched at 
Castellamare, Italy, and engined by Messrs. Ansaldo, Armstrong & Com- 
pany, of Sampierdarena. She has the following dimensions: 


Length over all, feet 

Length between perpendiculars, feet 
Extreme beam, feet 

Depth, feet 

Mean draught, feet 

Maximum draught, feet 
Metacentric height, feet 

Normal displacement, tons 


Her armor consists of a belt, with a maximum thickness amidships of 
7.87 inches, decreased to 3.16 inches at the ends, and running from stem to 
stern with a width of 7 feet 3 inches, of which 4 feet 11 inches is below the 
waterline. The protective deck has a thickness of 1%4 inches. The battery 
is an extremely powerful one, including four 10-inch guns, 45 calibers long, 
mounted in pairs in turrets, forward and aft, with an arc of fire of 260 
degrees. There are eight 7.5-inch guns, 45 calibers long, in pairs in four 
turrets at the corners of the superstructure. They have an arc of fire of 
160 degrees. The secondary battery includes sixteen 3-inch guns, eight 3- 
pounders and four Maxims. There are three 18-inch torpedo tubes, all 
submerged. 





344 SHIPS. 


The machinery installation of the San Marco consists of steam turbines 
with the usual auxiliary machinery, electric lighting machinery, steam heat- 
ing and evaporating plants, deck machinery and appurtenances for hand- 
ling and maneuvering. 

The turbines are of the Parsons type, designed for a steam pressure at 
the turbines of 210 pounds (gage), and will make about 435 revolutions 
per minute, developing 20,000 shaft-horsepower. ‘There are four shafts, 
each fitted with one propeller. The installation comprises six ahead tur- 
bines, the high and intermediates are used with low-pressure for cruising 
in order to secure economy, and four backing turbines, two of which are 








TURBINE-DRIVEN CRUISER ‘‘SAN MARCO.”’ 


high-pressure turbines coupled one with each of main high-pressure ahead 
turbines, and two low-pressure turbines are incorporated into the exhaust 
ends of each of the low-pressure turbines. The outboard shafts are op- 
erated entirely by main high-pressure turbines, the starboard inboard by 
the low-pressure (starboard) turbine and the intermediate-pressure cruis- 
ing turbine, and the port inboard by the low-pressure (port) turbine and 
the high-pressure cruising. In maneuvering the propellers work always in 
pairs at the same side. All four shafts turn outboard. 

The tubine casings are parted horizontally. The lower half carries the 
box-shaped fore-and-aft bearings, thrust and adjusting block. 

The following data of the turbines are interesting: 


Number of Mean Length 
expansion. diameter. including glands. 
Inches. 
Main H.P. port and starboard.. 49 15 feet 6 inches 
L.P. port and starboard 87 ait 1% “ 
H.P. cruising ‘ 485% 11 1% 
5 55 


L.P. cruising 12 3% 
H.P. astern port and starboard... ‘ 49 v4 .Y% 
L.P. astern port and starboard.. ‘ 64% 11 11% 
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Data of Blades of the Turbines. 


Heights. 
Inches. 


1 
1% 
2 


2Y4 
4 


H.P. cruising—First 
I.P. cruising—First 


H.P. astern—First 
2% 
3 


436 
434 


The main condensers are located one in each engine room at the after 
end of the low-pressure turbines. They are oval and of the surface con- 
denser type. The principal data of each main condenser are: 


Number of tubes 

Diameter, outside, inch 

Thickness, 

Length of tubes between the plates, feet and inches 
Cooling surface, square feet 

Exhaust inlet (rectangular), inches 


There is one auxiliary and one dynamo condenser, located in the for- 
ward port engine and dynamo room, respectively. The dimensions of both 
are: 


Number of tubes 
Cooling surface, square feet 
Length between tube plates, inches 


The boiler equipment consists of fourteen units in four firerooms. The 
total grate surface of all the boilers is 1,409 square feet, and the heating 
surface 48,201 square feet, the ratio is 34.4 to 1. The working pressure is 
250 pounds. Forced-draft system with closed fireroom is used, one blower 
being provided for each boiler, driven by a vertical, inclosed self-lubricat- 
ing steam engine. i 

The official mooring trial, the preliminary progressive trials, the six- 
hour forced-draft full-power trials, as well as the twenty-four-hour natural- 
draft trials, were successfully made, and finally a ten-hour contractor’s 
steaming-radius trial was completed. 

Experiments were made in using the turbines in three ways. First, 
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for comparatively low speed with all six ahead turbines in operation; this 
combination resulted in a smaller quantity of steam being required than 
with either of the other two combinations. Steam was then admitted 
initially into the high-pressure cruising turbine, exhausting into the in- 
termediate-pressure cruising turbine, and from the latter through separate 
pipes to each of the main high-pressure turbines. From these latter steam 
was exhausted into the low-pressure turbines and finally into the con- 
densers. Second, for speed above 20 knots the five-turbine combination 
can be used. Steam is admitted initially to the intermediate-pressure 
cruising turbine, passing thence to the two main high-pressure turbines, 
and from each of them to the low-pressure turbine. The high-pressure 


cruising turbine revolves idly in a vacuum. Third, for highest speed only 
the four main turbines were used, steam being admitted initially to each 
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main high-pressure turbine, exhausted into the low-pressure and then 
into the condenser, both cruising turbines revolving idly in a vacuum. 

In any of these arrangements the power is governed by throttling, though 
in the six-turbine combination a by-pass valve is fitted, between the first 
and second expansion, which may be used, within limits, for this purpose. 
All maneuvering is done with the four main turbines. All the turbines are 
drained to the air pump. Glands are bolted to the forward and after cas- 
ing of each turbine. In order to prevent leakage a.steam pressure of about 
1 pound above the atmosphere is usually maintained in the gland when 
cruising by means of a system of piping. 
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A Cockburn’s flexible throttle valve is fitted in the main steam pipes, 
with an emergency governor gear 

The propellers are cast solid of manganese bronze. Their dimensions 
are: 


imameter,- feet and Anches &.é\....0:0-0.6 5.4 g spo sens 6 bes wie eee hetiings 7-0614 
Patch; feet and inches? 14.6.6 sce ov 6d Pa dajcne's + vdi0's 0 ds oreo SERRE ORD 6-1054 

Namber sOfs blades, .2ech ose ob CEA Paeie's « eo ods e Pee eee ees 3 

Total area of blades, square feet.i.c.ci. 2.0... s ee cece weeeuedeces 27 
Shafting, outside diameter, inches................ cece eeeecesees 093% 
Shafting, inside diameter, inches...............00000008 RG A R oe 045% 

TEST. 

Duration of test;“houre... 00.660. 6 a). 10* 18 6 

Wo. botlerszin use...d.....écc%eeesb obs bier 4 14 14 
Average pressure in fireroom, ins. of water Nil Nil % 

Pressure of boilers, steam............... 245 230 245 

in H.P, cruising turbine......... 105 Nil Nil 

I.P. cruising turbine.... ..... 42 Nil Nil 

nieig: TP, tarPine. 6 eS. 17 140 200 

BS) ga E10) Cf RR a 12 ins. vac. 2.5 10 

Displacement. Of: GHD 5.5 ib o> <'0.c.00 segs woes 10,050 10,050 10,175 
Draught before test, feet................. 24.2 24.2 
StOE Pests. SORE yeni co bocrsiecih 23.5 23.95 
Average number of revolutions.......... 196.2 374 427.6 

Shatt horsenower> 28.02 ee 2,350 15.700 23,030 
Apparent Gp; Per Gets 055.666 ck as be BY ee ea 19.5, 

Vacuum in condensers, inches............ 28 27 27 
Average speed, knots.........00.seeeeeees 12 21.64 23.75 


The coal consumption per shaft horsepower during the steaming radius 
test was 1.96 pounds, and with natural draft it was 1.60 pounds. During 
the steaming radius test the exhaust of the auxiliary led into the main 
high-pressure turbines. 

The total weight of machinery installation, including propelling ma- 
chinery and appendages, auxiliary machinery, piping, boilers and fittings, 
smoke pipes and up-takes, lagging and covering, floorings, ladders and 
grating, fittings and gears, stores, tools and spare parts, carried on board 
is 1,284 tons, and with the water in the boilers, 1,320 tons. 

The trial requirements of the San Marco were based on the results of 
her sister ship San Giorgio, fitted with reciprocating engines, but the San 
Marco, when going at full power, was required to give a half knot more 
than the San Giorgio; this condition was easily surpassed.—“ International 
Marine Engineering.” 


THE NETHERLANDS. 
SUBMERSIBLE BOAT FOR THE DUTCH NAVY. 


The requirements set by the Dutch authorities were for a boat with a 
submerged displacement of only 150 tons, having an armament of two bow 
tubes with four torpedoes, two periscopes of 6 meters in length, and a 
300-horsepower Diesel engine for propulsion on the surface, and a 300- 
horsepower electric motor for driving the boat when submerged. 

The vessel has a length of 105 feet, and a molded beam of 10 feet. In 
their design of hull Messrs. Whitehead have abandoned the short and 


*Steaming radius. Wetted surface, 1,420 square feet. 
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broad hull, with circular sections, of the Holland boats, and have adopted 
instead a longer and more slender hull, with a bow like a torpedo boat, 
but with the same stern as the Holland boats. For diving, the boat is 
fitted with two horizontal rudders behind the propellers, as in the White- 
head torpedoes. A patented arrangement in the form of a statical diving 
gear is arranged, by means of which, and-at small expense of power, an 
exact regulation of the desired depth is possible, so that it can be ensured, 
for instance, that only the tops of the periscopes will be above the surface. 

The pumps are capable of pumping against a head of 200 feet. There 
are 3-ton drop-keel, lifting eyes, outward connections for pumping air into 
the vessel or from the air flasks outside, and, for communication. when 
submerged, telephone buoy, submarine signal apparatus, etc. 

The 300-horsepower Diesel engine is of the two-cycle Niirnberg type, 
with starting, reversing and speed regulations arranged to be attained from 
one single lever. Heavy oil is, of course, used. The accumulator battery 
is installed in a watertight tank, lined with lead and rubber. Each cell is 
closed by a cover and can be ventilated, so also can the tank itself. Each 
cell is independent and can be taken out without disturbing the others. On 
the official trials the following results were attained, notwithstanding the 
limited dimensions of the boat: Greatest speed on surface, 11.2 knots; 
radius of action at 10 knots, 1,000 sea miles; endurance submerged at 7 
knots speed, 6 hours 23 minutes; endurance submerged at 8.6 knots speed, 
3 hours; endurance submerged at 11 knots, 1 hour. The boat, running at 
10 knots on the surface, was tried in all directions in a rough sea, and in 
a wind of about six force, according to the Beaufort scale, it showed good 
sea zoing qualities throughout. It could be navigated from the bridge on 
the top of the conning tower, and the bow was always well out of the 
water, while the greatest lateral inclination by rolling was 8 degrees. Dur 
ing the steering trial submerged, the variations in depth could be kept within 
1 decimeter above and below the desired depth. Even when running at full 
speed, and with the rudder moved from the one side hard over to the other 
side, the depth variation was kept within the limit of a few decimeters. 
The turning diameters were judged to be about 180 meters on the surface 
and iG meters under. water. 

As a result of the trials the Whitehead Company have obtained nine 
premiums for having largely surpassed all the given guarantees, the Naval 
Commission being thoroughly satisfied in every respect. A noticeable fea- 
ture was the high degree of habitability, which is of great importance for 
the autonomy of a submarine vessel. Special care has been taken to at- 
tain this end. There are three electric cooking ranges, an officers’ mess, a 
living room for the crew, a berth for every man on board, and ample pro- 
vision of fresh water and victuals, so as to permit a crew of eleven men to 
live for one week. 

The Dutch Naval Commission, who assisted at the preliminary trials, 
made such a favorable report that their Government decided to place 
further orders with the Whitehead firm, so that of this new type already 
eleven boats are under construction. For one of these, having a displace- 
ment of 380 tons, the following guarantees have been given: greatest speed 
on surface, 16 knots; radius of action at 11-knots speed, 2,600 sea miles; 
endurance submerged at 11-knots speed, 1 hour; endurance submerged at 
8-knots speed, 3% hours. This boat will also be provided with special 
arrangements for service in hot climates.—“ Engineering.” 
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INTERNAL-COMBUSTION ENGINE MANUAL. By LIEUTENANT 
F. W. STeRinc, U.S. Navy. Published by the Lorp BaALtt- 
MORE PREss, Baltimore, Maryland. 141 pp., illustrated. Price, 
$1.75 net. 

An excellent brief compilation of modern practice, prepared 
primarily as a text-book for midshipmen at the U. S. Naval 
Academy. 





MARINE STEAM TURBINES. By Dr. G. BAUER and O. 
LASCHE, assisted by E. Lupwic and H. VoGEL ; translation by 
M. G. S. SwaLtLow. Published by the Norman W. HENLEY 
PUBLISHING Co., 132 Nassau Street, New York. 210 pp., 103 
illustrations and 18 tables. Price, $3.50. 





STRENGTH OF MATERIALS. By JAMES E. Bovp, M. S., Pro- 
fessor of Mechanics, Ohio State University. Published by the 
McGraw-Hi.i Book Company, 239 West Thirty-ninth Street, 
New York. 290 pp. with illustrations and problems. 





ENGINEERING AS A VOCATION. By ERNEST MCCULLOUGH, 
C. E. Published by Davin WiiitaMs Co., 239 West Thirty- 
ninth Street, New York. 201 pp. $1.00. 

The author is prominent in his profession, with an experience 
of more than twenty-five years. The book should prove of value 
to any one whois investigating the value of an engineering educa- 
tion. 
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ASSOCIATION: NOTES. 


KELVIN MEMORIAL, 


The Council of the Institution of Civil Engineers have had 
under consideration the erection in Westminster Abbey of a 
memorial window to the late Lord Kelvin, as a distinguished en- 
gineer long associated with the profession in the advancement of 
science and its application to enterprises of world-wide importance. 
They have ascertained that the Dean and Chapter would welcome 
the addition of such a window to those erected in the north aisles 
as memorials of eminent engineers, of which that to Sir Benjamin 
Baker was the latest. 

The Council have learned with great satisfaction that many of 
their professional colleagues in the United States would wish to 
join in this evidence of respect to the work of an eminent engi- 
neer and man of science, and have invited the members of the 
American Society of Naval Engineers to take part in the pro- 
vision of the memorial. y 

The estimated cost of the window is $6,000 and individual 
subscriptions should not exceed $10. 

It is requested that members or associates desiring to participate 
in this memorial notify the Secretary-Treasurer of the American 
Society of Naval Engineers. 


ANNUAL STATEMENT DECEMBER 31, IgII. 


FINANCIAL STATEMENT. 





Receipts. 
Dues and Subscriptions ............ccccceeessseeseseeceeneceeeeeees $5,256.61 
AOVETEISCIRCIGS is bicecaciccSccc<lissceace scccansay aecansaeaedasd ones 2,531.70 
TSHtCPORE OF THOM ccssasscsscocccaes satesacacdscceppscaqucepeesasacar 397-50 
Interest on bank account ..........ccescceescssccecesseeeceerseees - 62.18 
WEARER CODE cisions cases scascescareccnsteocsscacansabaac: Scaaceraes 1,797.08 
—— $10,045.07 
Cash balance January I, 1911 ...ccscccesseecsccesesceeceeeoe seseeeees 2,740.21 





12,785.28 
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Expenditures. 
Printing and engraving (including wrapping and post- 
age on regular issues Of JOURNAL) ............seeeeseeeees $5,349.34 
PUNTER ase ccc tien ciecus de civtetuacsiesi i craked $0 4ssuissobeiss 840.00 
Postage, stationery and expressage..........cccee-seeesereees 239.38 
Commission on sales, subscriptions and advertise- 
WER ORELN cclsetssniicacecersevesuecs su iaseomecoice eert beau tenes ieaccaehs 121,12 
Salary, secretary-treasurer ..,.........ssccgeceescrcessercoreesecs g00.00 
RUE UPR csyenopacancesnbeapnsans Se Sences abebacevdeseaen space siesse 345.00 
Army and Navy Club 5 per cent. bond ............6..see00 1 ,000,00 
PUR CRNUINY «Sos 5:5 s-cccnss pearance Gibas side sss ccevanss.cossosas shassetap 1,415.28 
—_——_ 10,210.12 
Cash balance December 31, 1911 .......csccsessscscsescesee vesseeees 2,575.16 
Resources. 
Sree AO AGS. ito ian bnikn ain scunmasbrnucih aaah doriiiag ans adeasie ite ieieKe $2,575.16 


Bonds, 6 Washington Railway and Electric $1,000, 4 per cent. 
value on market December 31, I911, 85}....ccec0....2.-cescsseseeeenece 5,115.00 





Bond, 1 Army and Navy Club, 5 per Cent............:seceesseceeseeseeees 1,000.00 

Accounts receivable : 
ne bai s5 ies, plein os 5 eb0e eit ee cadd oaiba. RES Fads eb Giin od dead (adsense 300.00 
SuDacriptions.....iao.siveoooreceriereos ia baped siaiss hae erceen ty sive bap 156.25 
Advertisements ......... Fa ues Ne SB Sia aes Se eden cb nan tlh ikes pp nchae 607.50 
POPTUB WMIOD occ iccsbsrancssucstskegsoGacessegns cinsvecstacsjoosanes 208.90 
Accrued interest on bank account to December 31, I91I ............ 23.52 
Furniture: Typewriter, desks, card filing case, ete ....... ..cseseeeee 51.00 
WOM ssskssossqcsssceapeqoesaccquasenyecphsbusateuseysdeauem beer dite tee 10,037.33 


Liabilities, none. 


TRADING STATEMENT. 





Returns. 

PWOS ONG GUUSCTIDUOIBN. i5iii6s 5.505 ssccaahendaghoesso0+0cboceee $5,256.61 

PR a iacicietarickeriiwesenese pd SIRE AG aaa dhRstinkss ta ceeuak Mabie aaehes 1,221.08 

Advertisemente, 9.005400 55 sisdebA sees dsb caps oSPoATicbsadd cb cad}ec’e oe 2,531.70 
— _ $9,009.39 

Costs 

Printing. ANG. CUBTAVING......000rcrceeccesssvosoncesens sesconcderee $5,349.34 

NPS TAUNNY acs ski chk aia adn his cok, gidcena cheb ienasedssrstiearardse Sabes'siee 20.35 

DEMMTUMCII OE scsanngirdsotsss caver t=d04olyarssvecdeses (ebteiuesssesiees 840.00 

Postage, stationery and expressage...........sscc00 seseeeeer 239.38 

(ANN 6S ois 5c oa sukecneapaad non esinéusseas eas se siees rieeste 121 12 

RAN NMIIR  pacisnssiacpesssriesspsasncsacaiscedsuscsbacssebessennees 214.50 
——-—— $6,784.69 





MPROURIDDOAL (chssssecscbsuyesnscsesdiecstscarastssnuads es Cascucncaateisiensé 2,224.70 
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CIRCULATION. 
Members. 
Number, December 31, 1910......c0cccecseecesscees sessesessseeteeeseseeesecs 369 
POO ys Face scedss soos ctenad oc scu cick sake tgaspnbacateead sbanshes hacckaes 46 
PRGSTPTON 55555. vacdFaianscengacesioneeses coped tiondpte Clas Seca vt 8 
NOPE Coc g 5) tek sccsie cpu acsdumesdennghacsdests vakepas sunt segacendee 6 
DFOPpP@tl: 9.05 --40:-heecncepaasgscodepns) eve deheetagac ton orenmese I 
NGG RMR io cise. Sines <eciccnnesdcgeseons aapanmpealppbantsagiassess Seer oR 
Number, December 31, 1911 ......scsccesscsseccassreceeeceeesseeseneeees —— 400 
Associates. 
Number, December 31, 1910. .sescecsecsses seececetsseteteceeee seeeeesensen ees 284 
BGO os gis cisah's sponse gsidons dascp-ancedertpnsavinntine casacnensbavesmenese 49 
ROPIBHOG (cc cscces cece ckccdosceysenesdnedah Kips oaths cpasententys 7 
TIGR ices cscarsanle icons sdcctoslbscoons auoghiimatnaps piienerees I 
DRODDOD: 65 ocsessecascane ibs ecdestahs snes tall Spb eaeeeeed gab ty y 
NGG BODE, os face ces. Usense ct cescneadope: dudeccons dussbavuiees tacese —— 34 
Number, December 31, 1911 .....cscescscsssssepeteccceccecsceccsseneseens —__- 318 
Subscribers. 
Number, December 31, 1910 ........cccceccsstesceseceescesepenedeccscsasanees 339 
SHOPIME Faia cen cssceyslstecnectedpevtsssss lakabeus ese siveacWgsteades 18 
Net att. oi case civesitsscetacepeoecascksacs sobthe.sceue vey 0actbesas vane 40 





Number, December 31, 1911............ccescsceceseebe coveee cocsecsssceresevecsestecee 379 


VORA SR LLiNiL, Go neees dddidakseueteaiebs skid deeiodd edeh seek =, 480) ROOF 


Exchanges. 
Number, December 31, 1910...,.....cessccesescesesseneneeerepeseneeasccesepermeeens 75 
aa Seis a sccry ante ds uncemnatsactagsos ee orseaabeaeiaecaee Lane 2 
Stopped. vnvnneess,, goss ssaceiivee fpncte-ddiquseacccnggetcan ee scaayep ie bpeses I 
INGE RN aE alco ooach avs case sca ssccrteee brueasslaiuemeeset nts <hapeakes I 
Number, December 31, 1911 .......ccce...sseesccus secsscseccesesceescoseceessees tees 76 


Total circulation, December 31, I9L1.........-..sssecesseseeeeeere 1,173 


Respectfully submitted. 
JOHN HALLIGAN, JR., 


Secretary- Treasurer. 
Audited and found correct. 


R. C. Moopy, 
N. H. WRIGHT, 
Audit Committee. 
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The following new members and associates have joined the Society since 
the publication of the last JOURNAL : 


MEMBERS. 


Austin, F. L., Second Lieutenant, U. S. R. C. S. 

Chambers, W. Irving, Captain, U. S. N. 

Clark, C. R., Lieutenant, U. S. N. 

Cook, Fayette A., Third Lieutenant of Engineers, U. S. R. C. S. 
Corning, M. S., Lieutenant, U. S. N. 

Cutter, J R., First Lieutenant, U.S. R.C. S. 

Fletcher, Frank F,, Rear Admiral, U. S. N. 

Griffin, R. M., Midshipman, U. S. N. 

Hambsch, Philip F., Ensign, U. S. N. 

King, Thomas Starr, 2d, Midshipman, U. S. N. 

Oberly, Robert’S., Third Lieutenant of Engineers, U. S. R. C. S. 
Post, Nathan W., Lieutenant, U. S. N. 

Schipfer, Carl A., Ensign, U. S. N. 

Shaw, C. H., Lieutenant, U. S. N. 

Strother, E. W., Ensign, U. S. N. 


ASSOCIATES. 


Christy, J. R., Manager, United Engineering Works, Alameda, Cal. 

Conti, Angelo, Chief Computing Draftsman, Bureau of Steam Engineering, 
Navy Department. 

Cummings, Henry H., Cummings Machine Co., 110 High Street, Boston, 


Mass. 

DeBaufre, William L., 2035 W. North Avenue, Baltimore, Md, 

Dodge, James E., McGill Building, Washington, D. C. 

Haynie, W. R., Busch Sulzer Bros. Diesel Engine Co.,. 30 Church Street, 
New York City. 

Kearfott, W. D., Warren Steam Pump Co., 95 Liberty St.,, New York City. 

Leavitt, William A., Jr., New York Shipbuilding Co., Camden, N. J. 

Linch, Charles S., 286 Barrow St., Jersey City, N. J. 

Murray, Helge O. H., McGill Building, Washington, D. C. 

Powell, H.S., 520 Bond Building, Washington, D. C. 

Westinghouse, George, 165 Broadway, New York City. 

Wisnom, W. McK., General Engineer Manager, Messrs. Denny & Co. Engine 
Works, Dumbarton, Scotland. 





